
BACKGROUND OF THE INVENTION 

vi*\A of Tnvention 

The present invention relates in general to a 

,>=p-l v'ith a controller for a 
feedback compensating apparatus use-i *.i-n 

working machine (e.g.. a metal working machine such as a 
binding machine), which apparatus is adapted to adjust the 
working condition of the working machine by feeding back to 
th e controller a compensating ,ignal or data obtained during 
and/or after a working operation on the workpiece. so that 
t he controller controls the working machine so as to improve 

•™,T accuracy of the workpiece processed by the 

the dimensional accuracy 

ra achine. More particularly, the present invention rs 
concerned with technics tor improving the accuracy of 
adiustment of the working condition by the compensate 

apparatus . 

^.....^ion c« "rior Art 

For assuring high dimensional accuracy of 
processed portions of a workpiece after the workpiece ^is 
machined, ground or otherwise processed, there are ava.lab 
v arious feedback control methods such as an .n-proce s 
control method, a post-process control method. - * 
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example, to finish inner cylindrical surfaces of cylinder 
bores formed in cylinder blocks of an engine of a motor 
vehicle, or outer cylindrical surfaces of a crankshaft of 
such engine, with high precision, so that the dimension such 
as the inside diameter of the finished cylinder bores or 
outside diameter of ground journals of the crankshaft is as 
close to the nominal value as possible. 

The in-process control employs an in-process 
measuring device for measuring the dimension of the working 
portion of the workpiece during a working operation on the 
workpiece, so that the working operation is terminated when 
the measured dimension coincides with the nominal value. 

Usually, the in-process control is based on an 
assumption that the desired or nominal dimension is obtained 
when the actually measured dimension reaches a reference 
value corresponding to the nominal dimension. To this end, 
the dimension of the working portion of the workpiece is 
continuously measured, and the measured dimension is 
compared with the reference value, to determine the moment 
when the actually measured dimension becomes equal to the 

reference value. 

The post-process control employs a post-process 

measuring device for measuring the dimension of the working 

portion of the workpiece after the working portion has been 

processed or finished. A difference of the actually measured 

dimension from the nominal value , namely, a dimensional 

error of the finished workpiece is fed back to the 



controller for the working machine, so that the working data 
such as numerical control data <HC data) subsequently used 
by the machine for effecting the working operation on the 
following workpiece or workpieces are suitably adjusted so 
as to eliminate or reduce the dimensional error. 

The post-process measuring device does not 
necessarily on the workpiece or its working portion 

immediately after the appropriate working operation, but may 
operate in a mode in which the measurement is effected a 
given length of time after the working operation, during 
which the other working portions or other workpieces are 
machined or otherwise processed. 

The hybrid control, which is a combination of the 
in-process- and post-process control methods, is adapted to 
feed back the dimensional error of the processed workpieces 
obtained by the measurement by the post-process measuring 
device, to compensate the reference value used in the 
in-process control, for zeroing the post-process dimensional 
error. 

However, the known control methods indicated above 
and the apparatus to practice these known methods suffer 
from a problem that the control logics, rules and programs 
used in the known systems do not permit sufficiently high 
accuracy of adjustment of the working condition of the 
working machine. One presumed reason for the insufficient 
accuracy in the prior art lies in the mere use of the 
dimensional error per se to adjust the working condition. 



whereas various other factors or parameters affect the 
a ctual tensions o f the working Portions of the workpiece 
an d should be taken into account £ or proved accuracv o 
cessation of the working conation to eluninate the 
dimensional error. 

SUMMARY OF THE INVENTION 

It is therefore a first object of the present 
mention to provide a feedback compensating apparatus for 
us e with machine control means of a working system whi. 

a aP ruracv of adjustment of the 
, apparatus assures improved accuracy o 

Iking condition of the working machine of the sy^> 

t „ adiust the working condition, 
compensating signal to adjust tu . 

It ls a second object of the present invention to 
s ^ IS^aes a method of processing the workpiece with high 
^Ton, while adjusting the working condition of the 
Trig machine, with suitable factors taken into account s 
as to assure improved dimensional accuracy of the processed 

workpiece. achieved according 

The above first object may be achieve 

to a first aspect of this invention, which proves 

atus for a working system 
feedback compensating apparatus for 

ma ^ine for performing a working 
including (a) a working machine 

* „f at least one working portion of each ot 
operation on each of at least . nortion 

• t-o nrocess each working portion 

25 a Plurality of workpieces, to proce 

as desired, such that working operations on the plural 
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• e s take puce successively one after another, 
the workpieces de termining a working 

(b) machine control means for ^ 

... „ f th e working machine on the 
condition t ^ ^ ^ machine 

extraneous signal, ana „„, ition and (c) a 

,■ „ to the determined working condition. 
3 11 «. -suring actuai dimensions o £ the 

m easu"ng device „ under 

working portion* ^ cOTpansatin9 

PrOC6S ?„nrU the machine control - and the 

aPP " atU Tele the apparatus comprising: U, ^a 

measuring device, baSls 

n, for obtaining dimensional data 

obtaining means for od of a 

£irs t P eri0d and a second -"-^^ portion ^ 
the working operation ^o ^ ^ 

— 4 dUlin9 1 error « the working portions o £ the 
in ciudin, a — - iabie indlcative of a tendency o £ 
workpieces, and wortp ie=es; and (Ul 

change in the dimensional error ting slgnal as 

for determining a comt«= 
compensating means dlme nsional data, 

the extraneous signal on the basis ^ ^ 

and applying the compensating sign 1 ^ 

machine. Ml -Hna apparatus of the 

In the feedback compensating app 

4.«^ as described aoove, 
5 present invention constructed a ^ ^ ^ o£ 

irking condition o £ the machlh i ^ 

not only the dimensional error 
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hut also the tendency of change 

— - - r:;:; - a ^ — 

in the dimensional • addi tion to 

^ „ a in the dimensional ertui- 

o£ the es lt possible t0 i~ — ~* 

the dimensional onditlo n of the machine, than 

estimate the actual working ^ 

^S^- 

compensating signal proc essed working 

enhanced dimensional accuracy of 

prions of the workplace- ^ ^ desert 

me principle o the P^ ^ ^ 

T^.hie to various t:yf«° 
above is applicable ^ con£ iguration 

working portion are con£ig uration wherein a 

w a single ~«"J^ ^ a plur ality of working 
piurality of -^J^, suc h that the different 
portions are successively ^ ^ 
working portions on ^ configuration 

« . »«>• ";'„„„ „.„, . - 

working portions are ^ ^ processed 

different working portions succes sively or 

by respective working tools, 
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simultaneously- indicated at (3) above, 

xn the third configuration ind cat 

ls applicable to all tne 
the present invention is aPP 



such that the compensating 

portions ox each worlllng 

siS nal is a~— «- ea= > one ^ 

prions of the same worKpiece. Whe ^ 

. v, a ve substantially tne 

of each worteiece have ^ ^ Qnly 

-— rr^^— ■— - 

a selected one or ^ ^ oompen satin, 

Si ' MlS£0r i: c ^nsatin, si,nal or si.als actual* 
by utilizing the comp selected 
^ined haseo on the dimensional 

working portions. n may be a 

The term "working portion us 

, . of the workpiece which has tn 

1 SUr£ :l tire axial W». or each a 
diameter over the the workpiece 

piuraiit, or coaxial c^ndrical sur ^ 

w hich have di«erent dl-~- ^ ^ ^ 

positions, m the former ^ the 

tne working P°i"°" naS 7 utter case, each 

j of the cylindrical 

tne "dimension". condition" used 

*- <~ " t0 ^ ean any advent which 

^arf to raean 

herein is interpreted of the 

ev entuallV causes a ^ o£ . sp ecUic 

" irttlines the «or k in g condition, or an 
parameter that 
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, narameter whose change will result 
indirect adjustment of a paramete 

• working condition. 

in a change in the working ^ ^ 

The term "compensating signal 

4 anal to be fed from the compensating 

sl gnal indicative f o{ machlne> M a 

— y eStBbUSh IT ; actually — — — 
slg „al indicate that obtained tendency rf 

erro r of the wor^ece or the ^ ^ . 

, n the dimensional error 
change in the ^ ^ oompensatlng roeans 

atln , value on the 

may he adapted to detente a = P 

• „, at least the dimensional error 
bSS1S rf the tendency of change In the dimensional 

indicate of the ^ ^ ^ ^ the 

errot , and aPPW compens ating value, so 

compensating signal indicati ^ t- 

that the wording condition of the ^ 

„• the compensating value. In the latt 

according to the ^ on ^ basls 

compensating means may ^ ^ the 

o£ the dimensional error an ^ 

„, of the workpiece is neio 

dimensional error ^ apply the 

t olerahle range or not ^ ^ ^ ^ ^ ^ 
compensating signal ^ ^ range , so that 

dimensional error prea etermined amount 

; th e wording condition is ad:usted hy P ^ ^ 

wording to the compensating signal^ ^ ^ ^ 
compensating means may 
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compensating signal each time the excessive dimensional 
err or of the worxpiece is detected, or when the excessive 
dimensional error is detected two or more successive tines, 
alternatively, the machine control means « be adapted to 
adj ust the worxing condition each time the compensating 
signal is received fro. the compensating means, or when the 
t „c or more successive compensating signals are received. 

According to one form of the present invention, 
t ne measuring device includes a post-prccess measuring 
device for measuring the actual dimensions of the processed 
worKing portions of the worxpieces during the second period. 
and the worKin, system further includes an in-process 
m easurin, device for measuring the actual dimensions of the 
worxing portions during the first period. Further, the data 
gaining means obtains, as the dimensional error 
differences between the actual dimensions of the processed 

^ hv the post-process measuring 
working portions measured by the pos 

^n*i value of the working portions. The data 
device and a nominal value ox « 

obtaining means further obtains a variable indicative of a 
tendency of change in the differences. The compensating 
me ans determines the compensating signal on the basis of th 

fh „ variable indicative of the tendency of 
differences and the vanaDie m 

change in the differences, and applies the compensating 

• ^ • „i- in the machine control means as 
reference value which is set m the ma 

***** an output of the in-process 
the working condition, so that an outp 

-» ,,-i*-h the reference value as 
measuring device is compared with the 
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adjusted according to the compensating signal. The working 
operations of the machine are terminated when the output of 
the in-process measuring device coincides with the adjusted 

reference value. 

The above arrangement is adapted to effect a 
semi-hybrid control of the working condition of the machine, 
wherein the dimensional data on processed working portions 
or workplaces are used to adjust the working condition of 
the machine for subsequently processing the following 
working portions or the following workpieces. In this 
semi-hybrid control, the in-process measuring device 
temporarily functions as if it were a post-process measuring 
device . 

However, the principle of the present invention 
may be embodied as a feedback compensating apparatus adapted 
to effect an in-process control of the working condition of 
the machine. In this case, the measuring device is an 
in-process measuring device, and the data obtaining means 
obtains the dimensional error in the form of differences 
between the actual dimensions of the individual working 
portions measured by the in-process measuring device and the 
nominal dimension of the working portions, while the working 
operation is in progress on each working portion. The data 
obtaining means also obtains the tendency of change in the 
obtained dimensional error ( above -indicated differences) in 
the process of the working operation on each working 
portion. The compensating means determines the compensating 
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sig „al on the basis of the dimension,! error ana the 
tendency of chanae in the dimensional error, so that the 
wort in, condition (..,.. a feedin* amount or rate or the 
Mork in, tool or tods, or the machine is adjusted dure the 
w orKin g operation on the worKin, portion -hose dimen S1 onal 

,_ a „„ che output of the in-process 
data are obtained based on the outpu 

measuring device. = = , 

The present invention may also be embodied as 
fe edbac* compensate apparatus adapted to effect a 
post-process control of the worfcin, condition of the 

ease the measuring device is a 
machine. In this case, 

post-process measuring -vice for measuring the dimension 

of the processed working, potions of the workpieces, and the 

data opining means^btains the dimensional error and 

f change in the dimensional error of the processed 
tendency of change m ^ 

basis of the output of the 
working portions, on the basis 

• „ ^vice^ The compensating means 
post-process measuring device. Tn 

. Yvi<!ed on the dimensional 

determines the compensate signal based 

i-hat the working 

err or and the tendency of change, so 

in 4- he form of numerical data, tor 
condition of the machine in the form 

ho the compensating signal 
example, is adjusted according to** 

fed back from the compensating means. 

->,ot- form of the present 
According to another form 

mpans determines the 
^•„r, the compensating means 

invention, tne f «, a +-ina 

• ■, ^ the form of successive compensating 
compensating signal m the form 

• „f respective amounts of adjustment of 
values representative of respectiv 

fh . bas i S of the dimensional data 
the working condition, on the basis 



on the working portions successively processed by the 
machine. In this for. of the invention, the compensating 
means- comprises determining means for determining the 
successive compensating values such that a present one of 
,th. successive compensating values is determined on the 

i a*** current lv obtained by the data 
basis of the dimensional data currency 

at least one preceding compensating 
obtaining means, and at least 

value of the successive compensate values which precedes 
the present one compensate value. For instance, the 
determining means may he adapted to determine a present 
provisional compensating value as the present one of the 
successive compensating values on the basis of the 
dimensional error and the variable indicative of the 
te »dency of change in the dimensional error, and adjust the 
present provisional compensating value into a present final 
compensating value such that the present final compensating 
XV alue lies on a line which is determined by the present 
provisional compensating value and a plurality of precede 
•provisional compensating values which precede the present 
provisional compensating value, the line assuring a gradual 
change in the amounts of adiusunent of the working 
condition* 

Th e above form of the invention is based on 
general tendency that the dimensional error of the processed 
wooing portions of the different worKpieces or the same 
apiece changes gradually without a sudden or abrupt 
change, as the number of the worKpieces increases or as 



nn the same workpiece progresses. To 
working operation on the same _ rkina 

^^,r nf the processed worKing 
improve the dimensional accuracy of 

portions, therefore, it is desirahie that the compensate 
val ue which determines the of adjustment of the 

wo r*in g condition of the machine 9 raduaUy changes w.th a 
gt aduai chan,e in the dimension^ error. In th.s respect 

H no value is preferably determined on 
the present compensating value i> 

• 4 not only the dimensional data .(dimensional 
the basis of not only 

rt f its change) but also at least one 
error and the tendency of its chang 

.•r,„ value which was used previously to 
preceding compensating value wnic 

it ion The present arrangement 
adjust the working condition. 

* a *iustment of the working 
permits increased accuracy of adjustment 

condition by the feedback compensating apparatus. 

While the Present final compensating value 
.escribed above is determined by adjusting the present 
Visional compensating value based on the preying 
compensating values feeding ^visional compen - 
values), the present final compensating value may be 

• <- he present provisional compensating 
obtained by adjusting the present P 

val ue on the hasis of the precede finai — 
values. Mternatively, the present final compensate value 

data and at least one precede fine! compensate value 

A ccordin, to a further form of the invent." 
described ahove. the data ohtainin, means ohtains on he 

„f the measuring device, the 

• «-f - the outputs of tne m<=a. 

basis of tne ^ v the 

a first variable indicative of the 
dimensional error, a first 
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in the dimensional error, and a second 

tendencY -T— « - ~~ - «- £itst 

liable indicative^ ^ ^ ^ ^ 

vari r - ::rr— — - — — 

periods. This add itional use of the 

- «- COI>diti ° n ' Til an actual change 

second variable which accurately refle 

• . r.f the processed workpieces. 
in the dimensions of the P ^ ^ ^ ^ 

The second otoecx 

*• .* asoect of this invention, which 
also according to the first aspec 

— hi. — - ~ - ;::;r:: 

■ , data including a dimensional error 
oimensional data _ ^ ^ variaWe 

jessed -Kin, *«**~ * ^ ^ dlroensiOTa l error 

• , iM H Ve of a tendency of change n 

indicative oi first period 

„+. Toast one or a u- 181 - r 
o£ the workpieces, during at least 

M Z Ui. Ceding back the dimensional data 

th e first period, ~d U rf the 

to the working machine, to ad: ^ subseq uent 

machine on the basis of the dimensional data, 
working operations on the working portions of 
. ->«. adiusted working condition, 
according to the adjuste a=hie ved according to 

The first object may also be achieved 

t of the present invention, which provides 
a second aspect of the P ^ system 

feedback compensating apparatus for 



# • 

a plurality of workpieces, 

d etermining a working — - * — ^ £ 
th e hasis of an extraneous signal, and controlling the 

. in „ to th e determined working 
working machine according to 

condition, and (C a measuring device for measuring actual 
■ of working portions of the workpieces processed 
dimensions of worKing t> a ™ a ratus 
by the working machine, the feedback compensating appara tu 
In, used with the machine controi means and the measur n 
device, the apparatus comprising ,1, obtaining mean 

• a i data on the basis of outputs of 
for obtaining dimensional data on 

anH compensating means for 

the measuring device, and (n) 

Hnfl sicma i as the extraneous signal 
determining a compensating sicmai 

data The dimensional data 
on the basis of the dimensional data. 

, of the processed workpieces, and 

include a dimensional error of the pr 

• Native of a tendency of change in the 
a variable indicative 01 

a variaox obtaining 

n O rror of the workpieces. The Qaw 
dimensions er or o ^ ^ 

means obtains a present ^ ^ ^ ^ ^ ^ 

the working portions of the work? 

predetermined first number of successive measur. va . 
.presented .V the outputs of the measuring device ^ 

measured by the measuring device, 
each of the workpieces is measured * ^ 

th e predetermined number of succes i 
consisting of a current* measured value current V 

at least one measured 
bY the measuring device and at 

H ich precedes the currently measured value, 
which precedes " . a oresent dimensional error 

further obtains a present 
obtaining means furtner 



• .... t 

value which is a difference of the present value of the 
estimated dimension from a nominal dimension of the working 
portion of each workpiece. The data obtaining means obtains 
a present value of the variable indicative of the tendency 
of change in the dimensional error, on the basis of a 
predetermined second number of successive dimensional error 
values, when the present dimensional error value is 
obtained, the predetermined number of successive dimensional 
error values consisting of the present dimensional error 
value and at least one error value which precedes the 
present dimensional error value. The data obtaining means 
includes at least one of dimension estimating means and 
variable obtaining means. The dimension estimating means 
obtains the present value of the estimated dimension in a 
' standard manner when the number of the successive measured 
values currently available is not smaller than the 
. predetermined first number, and in a special manner 
different from the standard manner, when the number of the 
successive measured values currently available is smaller 
than the predetermined first number. The variable obtaining 
means obtains the present value of the variable in a 
standard manner when the number of the successive 
dimensional error values currently available is not smaller 
than the predetermined second number, and in a special 
manner different from the standard manner for the variable, 
when the number of the successive dimensional error values 
currently available is smaller than the predetermined second 



annl a es the compensating 
number. ^ compensating — ^ ^ ^ 

signal to the machine centre! means, to ad 3 ust 

~* working machine, 
condition of the 9 moensating apparatus constructed 

in the feedback compensating *w 

n * aspect of this invention described 
the second aspect 
according to tne , nrludes the dimension 

estimating ^ ; : - when ^ n _ o£ the 

operate as described 

successive measured ^ ^ 

availahle to obtain t P« ^ ^ 

dimension is seller than P ^ ^ 

obtained in the specia ^ 
manner practiced when the number 

- measured values is egual to or larger tn 
successive measured v successive 

dimensional error vaiu M . . lye of the tendency of 

«-f i-he variable indicative or tne 
present value of the ^ ^ 

■ n the dimensional error 

change in the ^ opetates 

predetermined nu^r. * ~ ^ of the liable 

in a special mode in which the prese ^ 

■ /, in the special manner different 

is obtained in tne f currently 

, oracticed when the number of tne 
standard manner practic ^ ^ ^ ^ 

i available successive dimensional 

Larger than the predetermined number. 
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According to the above arrangement, the estimated 
dimension of the processed workpieces can be obtained even 
when the number of the currently available successive 
measured values is smaller than the required number, if the 
the data obtaining means is provided with the dimension 
estimating means is-pswide*. Similarly, the variable 
indicated above can be obtained even when the number of the 
currently available successive dimensional error values is 
smaller than the required number, if the data obtaining 
means is provided with the variable obtaining means. 
Accordingly, the provision of the dimension estimating means 
and/or the variable obtaining means effectively reduces or 
eliminates a time during which it is impossible to determine 
the compensating signal on the basis of the dimensional 
data, due to shortage of the currently available data on the 
measured dimensions of the workpieces and the variable 
indicative of the tendency of change in the dimensional 
error. 

The above second object may also be achieved also 
according to the second aspect of the present invention, 
which provides a method of processing a plurality of 
workpieces by a working system including (a) a working 
machine for successively processing the plurality of 
workpieces, (b) machine control means for determining a 
working condition of the working machine on the basis of an 
extraneous signal, and controlling the working machine 
according to the determined working condition, and (c) a 



measuring device for measuring actual dimensions of working 
portions of the workpieces processed by the working machine, 
the method being characterized by comprising-, (i) a step of 
obtaining dimensional data on the basis of outputs of the 
measuring device, the dimensional data including a 
dimensional error of the processed workpieces. and a 
variable indicative of a tendency of change in the 
dimensional error of the workpieces, the step of obtaining 
dimensional data including the sub-steps of (a. obtaining a 
present value of an estimated dimension of the working 
portions of the workpieces on the basis of a predetermined 
first number of successive measured values represented by 
tne outputs of the measuring device, when each of the 
workpieces is measured by the measuring device, the 
predetermined number of successive measured values 
consisting of a currently measured value currently obtained 
b y the measuring device and at ieast one measured value 
which precedes the currently measured value, (b, obtaining a 
present dimensional error value which is a difference of the 
present value of the estimated dimension from a nominal 
dimension of the working portion of the each workpiece, and 
<c> obtaining a present value of the variable, on the basis 
of a predetermined second number <L. of successive 
dimensional error values, when the present dimensional error 
va l U e is obtained, the predetermined number of successrve 
dimensional error values consisting of the present 



precedes the present dimensional error value; and (ii) a 
step of determining a compensating signal as the extraneous 
signal on the basis of the present value of the estimated 
dimension and the present value of the variable, and 
applying the compensating signal to the machine control 
means, to adjust the working condition of the working 
machine, and wherein the step of obtaining dimensional data 
is characterized by comprising at least one of two features 
(d) and (e), the feature (d) consisting in obtaining the 
present value of the estimated dimension in a standard 
manner when the number of the successive measured values 
currently available is not smaller than the predetermined 
first number, and in a special manner different from the 
standard manner, when the number of the successive measured 
values currently available is smaller than the predetermined 
• first number, the feature (e) consisting in obtaining the 
present value of the variable in a standard manner when the 
number of the successive dimensional error values currently 
available is not smaller than the predetermined second 
number, and in a special manner different from the standard 
manner for said variable, when the number of said successive 
dimensional error values currently available is smaller than 
said predetermined second number. 

The first object may also be attained according to 
a third aspect of this invention, which provides a feedback 
compensating apparatus for a working system including (a) a 
working machine for successively processing a plurality of 



workpieces one after another, each of the workpieces having 
a plurality of »rW portions in the for, of a plurality 
of coaxial outer cylindrical surfaces arranged in an axial 
direction thereof, the working machine including an array of 
working tools which correspond to the plurality of working 
portions, respectively, the array of working tools being 
moved relative to each workpiece to simultaneously process 

ih) an in-process measuring device 
the working portions, (fc) an m t> 

having two in-pro=ess measuring heads for measuring diameter 
values of respective two end working portions of the 
plurality of working portions, during a working operation of 
the machine on each workpiece, the two end working portions 
being located near opposite axial ends of each workpiece, 
,c) a post-process measuring device for measuring dimeter 
values of the plurality of working portions, respectively, 
after each workpiece is processed by the machine, and (d) 
machine control means for controlling the machine such that 
an operating angle of the array of working tools relative to 
each workpiece is adjusted and the working operation of the 
machine on each workpiece is terminated, on the basis of the 
diameter values of the two end working portions measured by 
the in-process measuring heads, in relation to two reference 
values set for the two end working portions, respectively, 
the feedback compensating apparatus being used wrth the 
post-process measuring device and the machine control means, 
the apparatus comprising: (i) determining means for 
determining two compensating values for adjusting the two 



basis of the diameter values of all 
reference values , on the basis or 

^ » «- ,-t-process —in, -vice.- and U 

> aD pi Y ing the two compensating values to 
applying means for applying 

the machine control means. 

I. the feedhacR compensating apparatus constructed 

as descrihed ahove according to the third aspect of this 
invention, the compensating values for ad^ng h 

i of the two end working portions of the 
reference values of tne w 

*■>,<» basis of not only the 
workpiece are determined on the basis 

i , of these two end working portions measured 
diameter values of these ^ 

inn device but also the measured 
by the post-process measuring device, 

n , of the other working portions. This 
dimeter values of tne 

.rangement permits the reference values used to control h 
5 .chine to >e adeguately edited so as to minimise . 
dimensional error of the processed working porti *s ° h 

,„ view of the diameter values of all 
^pieces, in view^ ^ 

working portions actually 

measuring device. .undrieal 
Th e term Plurality of coaxial outer cylindrical 

surfaces" as the wording portions of each workpiece is 
ted to indude not oniy coaxial cylindrical portions 
.nterpreted to incl ^ 

of the workpiece which have 
also coaxial cylindrical portions thereof 
25 different outside diameter. rf 
Further, the term two en 

• -n^rnreted to mean not only the two 
each workpiece is interpreted 
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outer cylindrical surfaces nearest to the 
axially outermost outer cyimu 

opposite axial ends of the « - « °" « 

Jindrical surfaces which are — * * ^ 

lin *rical surfaces and are relatively near 
outermost outer cylindrical suri 

the opposite axial ends of the workpiece. 

Kach of the "two reference values set for the two 
end working portions" is interpreted to include at least a 

, • Active of an amount of movement of the 
reference value indicative or a 

arra y of working tools relative to the workpiece. which 
.ount is reared to establish a nominal outside dUmeter 
of the corresponding end working portion. That is. the 
reference value for each of the two end working portions 
hi -lude a reference value indicative of a time at 
whi ch the working operation on the corresponding en ™ 

• ^ and may include at least one 
portion is terminated, and may 

-.<„,-, to an outside diameter of the 
reference value corresponding to an ou 

■ , ,™»r than the nominal outside 
end working portion which is larger than 

4UmetSr ' The Phrase "an operating angle of the array of 

working tools relative to each workpiece is adjusted and the 

v operation of the machine on each workpiece is 
working operation ^ ^ ^ ^ 

terminated, on the basis or mpasurill g 

end working portions measured * the in-pro=es me ««« 
heads, in relation to two reference values set 

^oc^ctively" may be interpreted 

, end working portions. ' q£ ^ „ achine by 
me an the following two modes of control 
the machine control means, for example. 



In one mode of — of «- -hine, — ~ - 
values set for the respective two end 
th e two reference ^ ^ ^ ^ 

"*« POr " a , e is ousted based on a difference 

value, the operating angle ~ - ^ and . 

b etween the above-indxcated other ^ ^ 

«-« i-he outside diameter 
value corresponding to fcy ^ 

— - irirr i— — 

post-process measuring ^ wtll the 

angle, the working operat.cn ^ 
^ve-indicated other reference valu ^ ^ 

until the actually — — ^ < ^ respectlve 

two end working portions have become egual 

reference vai.es. ^ ^ ^ ^ ^ two 

, set for each end working portion. These 

reference values are lnter mediate and nominal 

preference values corresto. ^ £ M ~ 
(final, outside dimeters ^ ^ or 

intermediate outside diameter « array of 

The operating angie 
final outside dieter. The ^ 

mols is adjusted when the 
working tools 1= ^ ^ outsl de diameter of one of 

corresponding to the interme , » ^ adjust ment is 

the two end working portions ^ ^ 

a difference to «w 
mad e based on ^ o£ the 

the intermediate out 
corresponding to ^ operatl „ g 

s other end worKin, portion- ^ ^ ^ 

a „,le. the working oper" ^ „ 

working portions, until the 
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of one of the two end working 
the nominal outside diameter ^ values 

^rtions is «** reached. - rf ^ tw0 

— to . th ; r: h . o*e — « 

end working portions ^ to the 

In one form of. P e deteOT ining means 

.. the invention, tne 
above third aspect of ^ adjus ting the 

«— ■ dimeter £ rtr- — ~— ° £ the 

— ° { post . pro<:ess measuring device, on 

workpiece measured by ^ ^ ^ pluralitv of 

th e hasis of the dia.etei vaiues^ measurlng 

working Portions wainin , dimensional error 

d evice; data obtaining means ^ ^ ^ ^ e „ a 

4ata relating to a dim— ^ ^ ^ _ o£ ^ 
working portions, on ^ diametei a4justin g 

t „ 0 end working portions ad: Mmpensat in, values 

— -rrr^-— .— - 

for adjusting the two 

dimensional error data. ^ m . is interpreted 

Th e term "a-" 1 ^ ' 0 f the dimensional 

error per se of the dime nsional error, 

in dicative of a tendency - o£ chang e in the 

- ~ ^ dl-al error. 

t endenoy of change in ^ acco rdin, 

"- alternatlVe £ I mention, the determining 

to th e same third aspect ^ 

J— includes: data 
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means includes: 



dimensional error data relating to a dimensional error of 
each of the plurality of working portions, on the basis of 
the diameter values of the plurality of working portions 
measured by the post-process measuring device, data 
adjusting means for adjusting the dimensional error data on 
tb. two end working portions, on the basis of the 
dimensional error data on all of the plurality of working 
portions, and means for determining the two oompensatin, 
values for adjusting the two reference values, on the basis 
of the adjusted dimensional error data of the two end 

working portions. 

in another alternative form of the apparatus 

.o-H asoect of the invention, the 
according to the third aspect 

. • includes- data obtaining means for 

determining means includes. 

obtaining dimensional error data relating to a dimensional 
error of each of the plurality of working portions, on the 
basis of the dimeter values of the plurality of working 
portions measured by the post-process measuring device, 

• • ~ moanc; for determining 
provisional value determining means for 

provisional compensating values corresponding to the 
plurality of working portions, respectively, on the basis of 
the dimensional error data on all of the plurality of 
working portions, and means for adjusting the provisional 
compensating values corresponding to the two end working 
portions, to obtain respective final compensating values as 
the two compensating values to be applied to the machine 
control means, on the basis of the provisional compensating 



values correspond!*, to aU of the plurality of worRing 

portions . 

« , - fl - f mav a i S o be achieved also 
The above second obDect may axso 

according to the third aspect of the present invention. 

which provides a method of processing a plurality of 

worRpieces oy a worRing system including «.) a worRing 

.nachine for sucoessively processing the plurality of 

worRpieces one after another, each of the worRpieces having 

a plurality of worRin, portions in the form of a plurality 

of coaxial outer cylindrical surfaces arranged in an ax.al 

direction thereof, the worRin, machine including an array of 

wording tools which correspond to the plurality of wording 

portions, respectively, the array of wording tools be.ng 

m oved relative to each worRpiece to simultaneously process 

th e wording portions, (b) an in-process measuring device 

having two in-process measuring heads for measuring diameter 

values of respective two end worRin, portions of the 

Plurality of worRin, portions, during a worRin, operation of 

i, < the two end working portions 
the machine on each workpiece, the two e 

b eing located near opposite axial ends of each workpiece, 
(c) a post-process measuring device for measuring diameter 
valU es of the Plurality of working portions, respectively 
aft er each workpiece is processed *y the machine, and 
maG hine control means for controlling the machine such that 

10 of the array of working tools relative to 
an operating angle of the array 

v • . «„ adiusted and the working operation of the 
each workpiece is adjusted an 

rh workoiece is terminated, on the basis of the 
machine on each workpiece 
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diameter values of the two end working portions measured by 
the in-process measuring heads, in relation to two reference 
values set for the two end working portions, respectively, 
the method comprising the steps of: (i) determining two 
compensating values for adjusting the two reference values, 
on the basis of the diameter values of all of the plurality 
of working portions of each workpiece measured by the 
post-process measuring device; and (ii) applying the two 
compensating values to the machine control means. 

The first object may also be achieved according to 
a fourth aspect of this invention, which provides a feedback 
compensating apparatus for a working system including (a) 
working machine for performing a working operation on each 
of at least one working portion of each of a plurality of 
workpieces of at least one kind, to process each working 
portion as desired, such that working operations on the 
plurality of workpieces take place successively one after 
another, (b) machine control means for determining a working 
condition of the machine on the basis of an extraneous 
signal, and controlling the machine according to the 
determined working condition, and (c) a post-process 
measuring device for measuring actual dimensions of the 
working portions of the workpieces processed by the machine, 
the feedback compensating apparatus being connected to the 
machine control means and the post-process measuring 
machine, the apparatus comprising: (I) dimensional data 
obtaining means for obtaining a set of dimensional error 



data relating to a dimensional error of the processed 
working portions of the worKpieces. for each of the at least 
one and of the workpieces, on the basis of outputs of the 
post-process measuring device, (ii) number data obtaining 
means for obtaining the number cf pre-measured worKpieces of 

each of the at least one kind which have been processed by . 

the machine and which have not been measured by the 

• „ A~vin+- and (iii) compensating means 
post-process measuring device, ana un/ 

for determining as the extraneous signal a compensating 
value for each kind of the workpieces. on the basis of the 
set of dimensional error data and the number of the 
pre-measured workpieces of the corresponding kind which have 
been obtained by the dimensional data obtaining means and 
the number data obtaining means, respectively. the 
compensating means applying the compensating value to the 
machine control means, to adjust the working condition of 
the machine for the workpieces cf each kind to be 

subsequently processed. 

in the present feedback compensating apparatus 
according the fourth aspect of the invention described 
at .ove, the compensating value for each kind of the 

.. rolled to the machine control means is 

workpieces to be appliea to 

nnlv the dimensional error data 
determined based on not only tne 

actually obtained for the corresponding kind of the 
workpieces by the dimensional data obtaining means from the 
outputs of the post-process measuring device, but also the 
„„ber of the pre-measured workpieces of the same kind 
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Otained by the number data obtaining means. Since the 

r r - t h e — - — -° — ; 

n determining the compensating value, the accuracy - 
advent of the working condition for each, ™- - - 
w orkpieces is imP-ed even when the number of the 

= varies from time to time during 
pre-measured workpieces varies 

continuous operation of the machine on a succession 

i.- described above is applicable to the working 
- the invention descricea 

tons to be performed on successive workpieces of 
operations to oe v 

either the same Kind or different Kinds. Regards the Kind 
• 5 workpieces whose working portions have 
of the workpieces, workpieces 

be considered to oe ol 
the same nominal dimension may be 

. it is desirable in some 

different kinds. In this respect, 

that the workpieces whose working portions have 
cases that ^ wMking 

same nominal dimension be proces 

conditions of the machine, for example, due to ^ 

rlg idity values of the workpieces. xn this case. 

• * be of different kinds, 

workpieces are considered to be 

* nf the apparatus according to the 
in one form of the a PP 

, of the present invention, the plurality 
above fourth aspect ^ ^ 

of workpieces are of a swgi olura ilty of 

^r.--:- 

of the number of the pr . be tween the 

different relationships between 
define respective different 
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compensating value an, the set of dimensional error data for 
the single Kind of worKpieces. The memory means also stores 
a plurality of data groups which correspond to the pluraUty 
of control rules and which define relationships between the 
n umber of the pleasured worKpieces to be obtained bv the 
nu^er data obtaining means, and an optimum degree of 
influence of the control rules to be given on «>e 

to be determined. In operation, the 
compensating value to oe 

compensating means determines the optimum 

corresponds to the number of the pre-measured worses 
obtained bv the nu^er data obtaining means, anally the 
compensating means determines the compensate value based 
on the determined optimum degree of influence, the pluralrty 
of control ruies and the dimensional error data. 

» another form of the apparatus according to the 
£ ourth aspect of the invention, the compensating means 
deludes memory means for storing a plurality of contro 

a resoective combinations of the 
rules which correspond to respects 

nuI *er of the pre-measured worKpieces and the number : - £ 
at least one Kind of the worKpieces and each of wh.ch def n 
a r elationship between the dimensional error data and the 
compensating value. X. operation, the compensating mean 

of the control rules, depending upon the number 
selects one of the ^ ^ 

of the pre-measured worKpieces obtained 

a ^ kind of the worKpieces, and 
obtaining means and the Kind ™ 
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^- „ value on the basis of the 
determining the compensating value 

selected control rule. 

In a further form of the a PP * ffM& 

rr." - - - — • — — ■ 

of the at leas dime nsional error 

i ^flnes a relationship between w 
rule defines means also 

data and the compensating value. 

w„v, define a relationship between w 
stores data which define compe nsating 

of the pre-measured w-^ 16 -^^^^^^^ . 

„. ient us6 d to determine the c^^^^ee^^ 
coefficient used c determines . a 

f . nn the compensating means first 
in operation, the co » 

-raitie on the Basis 

dimensional error rule 
obtaining means, and according to 

dina to the kind of the workpieces. Then, 
corresponding to tne coefficient 

Hnfl means determines the compensating coeffi 
compensating means a pre -measured 

n(1e to the number of tne p 
which corresponds ^ 

«w-ained by the number data 
workpieces obtained determi nes a final 

r,- nv the compensating means 

Finally, the cQntrol 

value to be applied w 
cc^pensatmo value determlne d provisional 

means, on the basis of ef£icie „t. 

,-<„<, value and the compensatin, coefficient, 
compensating value an appara tus according 

t„ a still further form of the appar 

ct of the invention, the compensating 

■> » fOU " h aSP6Ct {M stor ing a control rule for 

mean s includes «-«y — - - - J „ hlch 
each of the at least one Kind of 



control rule defines a relationship anon, the number of the 
pre-measured worses, the dimensional error data and the 
compensating value. In operation, the compensating means 
determines the compensating value, on the basis of the 
number of the pre-measured workpieces obtained by the number 
data obtaining means and the dimensional error data obtained 
by the dimensional data obtaining means, and according to 
the control rule corresponding to the kind of the 

J 

workpieces . 

The above second object may also be achieved also 
according to the fourth aspect of the invention, which 
pr ovides a method of processing a plurality of workpieces by 
a wording system including U> a working machine for 
performing a working operation on each of at least one 
working portion of each of the workpieces of at least one 
kind, to process each working portion as desired, such that 
working operations on the plurality of workpieces take place 
successively one after another, (b> machine control means 
£0 r determining a working condition of the machine on the 
b asis of an extraneous signal, and controlling the machine 
according to the determined working condition, and ,c, a 
post-process measuring device for measuring actual 
dimensions of the working portions of the workpieces 
processed by the machine, the method comprising the steps 
o£ . ( i, obtaining "a set of dimensional error data relate, 
to a dimensional error of the processed working portions of 
the workpieces, for each of the at least one kind of the 
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worKpieces. on the basis of outputs of th* post-process 
measuring device, (11) obtaining the number of pre-measured 

processed by the machine and which have not been measured by 
the post-process measurin, device, (iii) determining as the 
extraneous signal a compensating value for each Kind of the 
worKpieces. on the basis of the set of dimensional error 
da ta and the number of the pre-measured worKpieces of the 
corresponding Kind which have been obtained by the 
dimensional data obtaining means and the number data 
obtaining means, respectively, and (iv. applying the 
compensating value to the machine control means, to adjust 
the worKin, condition of the machine for the worKpieces of 
each Kind to be subsequently processed. 

The first object may also be achieved according to 
a fifth aspect of the present invention, which provides a 
reedbacK compensating apparatus for a worKin, system 
including ,a> a worKing machine for successively processing 
a plurality of worKpieces. (b> machine control means for 
determining a worKin, condition of the worKing machine on 
the basis of an extraneous signal, and controlling the 
worKing machine according to the determined worKing 
condition, and <c, a measuring device for measuring actual 

n „ rtioIls of the worKpieces processed 
dimensions of worKing portions ot in 

by the worKing machine, the worKin, system being adapted to 
permit existence between the machine and the measurin, 
device, of at least one pre-measured worKpiece which has 



„-hine and which has not been 
processed by the machine ana 
been processed ^ compensating 

m „„sured by the measuring device, tn 

m eas . sed wlth the machine control means and the 

apparatus being used with , determin ing 

measuring device, the apparatus comprising. 

aM for determining as the extraneous signal 

, r adiustin, the working condition of 
compensating value for adjust , s „ ently 

t-he workpieces to De *>j.w 
the machine for the P ^ ^ ^ 

by the machine, on the basis mea sured 

«f the workpieces which have been measure 
w0 rKing portions of ^h 

by the measuring dev . ^ inteOTi ttent 

compensating value from time 

basi s while the worses processed by 

m easured successively by the measuring devic - 

fnr allying the compensating value t: 
applying means for applying 

machine control means. aT , Dara tus according 

In the feedback compensating apparatus 
«-fth aspect of this invention described above, the 
to the fifth aspect o processed 

• of the working portions of the pro 

actual dimensions of the anot her, 

v • are successively measured one 

pieces ^ f ^ ^ to time 

, while the compensating value ^ ^ 

on an intermittent basis, and is not 

«. of each processed workpiece. Thereto 
measurement of eac ^ synchron i Z ation of the 

compensating value is not 

.„,. of the processed workpieces. 
mea surement of the P pre . measured workpieces 

SiDC \ and the measuring device, there is a 
b etween the machine and the ^ ^ ^ 

m easurement delay corresponding, to 
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^-measured worses, -ordingly. ***** -a 
compensating value within * period correspon - th 

• —ani-alesa, because an influence of 
measurement delay is meaningless, 

• h nr undated compensating value on 
the presently determined or updatea p 

the measured tensions o £ the Processed worses ,U not 
appe ar until the first i^enced by the 

oompensating value has reached the measuring — - ~ 

• „ ^viee in view of this fact, the 
measured by the measunng device. 

Hnfl aOP aratus determines or updates the 
present compensating appara 

compensating value on an intermittent . 

detail The present arrangement is effective 
below in more detail, me y 

, '-. «f the apparatus, since the 
to reduce the work load of the PP 
fre „ of determination of the compensating value 
considerably reduce, as compared with that wh^ 
compensating value is updated when each processed workpiece 

is measured. arran aed to determine 

The determining means may be arranged t 

w nn only dimensional error 

the compensating values based on only 

Is ~+ «. « *■ M ;: eas r 

«ions of the worses an. the — X *- 
.Iternatively. the determining — - - ^ ^ 
d etermine the compensating value based on a a ^ 

* .h^ae in the dimensional error, 
indicative of a tendency of Canoe ^ 

as wen as the dimensional error per 

. variable indicative of a 
determining means may also use a variable ^ 

variable indicative of the 
tendency of change in the vanao 

tendency of change in the dimensional error. 
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in one form of the apparatus according to the 
fifth aspect of this invention described above, the 
determining means updates the compensating value from a last 
value to a present value, and determines the present value 
only after a first one of the worKpieces processed by the 
machine under the worKing condition adjusted by the last 
value has been measured by the measuring device. 

in the presence of seme numier of the pre-measured 
woricpieces between the machine and the measuring device, it 
is desirable that the present compensating value to be 
determined reflects more or less an influence of the last 
compensating value. To this end, it is necessary to 
determine the present compensating value, namely, to update 
the compensating value, at a moment not earlier than the 
5 moment when the first -orKpiece influenced by the last 
compensating value has been measured by the measuring 
device, in this respect, the above form of the invention x. 
adapted such that the present compensating value is not 
determined until the first wor.piece influenced by the last 
,0 compensating value has been measured. Thus, the apparatus 
updates the compensating value on an intermittent basis, 
with a time interval between adjacent occurrences of 
determination of the compensating value. This is effective 

t, of the feedback compensating 

to reduce the work load of tne 

25 apparatus. 

nfhar forn , of the apparatus 
According to another form 

i=-*4.v, a enpct of the invention, the 
according to the same fifth aspect ot 
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determining means includes memory means for storing measured 
values of the actual dimensions of the processed workpieces 
obtained by the measuring device, and determines a present 
value of the compensating value on the basis of a 
predetermined number of the measured values stored in the 
memory means, when the number of the stored measured values 
has become equal to the predetermined number. The 
determining means clears the memory means and resuming an 
operation to store therein the measured values obtained by 
the measuring device, after completion of determination of 

the present value. 

In the light of an unavoidable error in the 
measurement of each processed workpiece, it is desirable to 
use not only the present output value of the measuring 
15 device, but also some preceding output values of the 
measuring device, in order to assure improved adequacy of 
determination of the compensating value. To this end, the 
above form of the apparatus is adapted to store measured 
values of the workpieces one after another, so that the 
present compensating value is determined on the basis of a 
predetermined number of the stored measured values. Thus, 
the compensating value is updated each time the 
predetermined number of the measured values are stored in 
the memory means. Thus, the compensating value is updated 
intermittently based on successively measured and stored 
values of the dimensions of the processed workpieces, 
irrespective of the number of the pre-measured workpieces. 
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This arrangement also reduces the work load of the 
compensating apparatus . 

The above second object may also be achieved also 
according to the fifth aspect of this invention, which 
provides a method of processing a plurality of workpieces by 
a working system including (a) a working machine for 
successively processing the workpieces, (b) machine control 
means for determining a working condition of the working 
machine on the basis of an extraneous signal, and 
controlling the working machine according to the determined 
working condition, and (c) a measuring device for measuring 
actual dimensions of working portions of the workpieces 
processed by the working machine, such that between the 
machine and the measuring device, there exist a 
predetermined number of pre-measured workpieces which have 
been processed by the machine and which have not been 
measured by the measuring device, the method comprising the 
steps of: (i) determining as the extraneous signal a 
compensating value for adjusting the working condition of 
the machine for the workpieces to be processed subsequently 
by the machine, on the basis of the actual dimensions of the 
working portions of the workpieces which have been measured 
by the measuring device, the determining means updating the 
compensating value from tin* to time on an intermittent 
basis while the workpieces processed by the machine are 
measured successively by the measuring device; and (ii) 




applying the compensating value to the machine control 
means .. 

The above first object may also be achieved 
according to a sixth aspect of this invention, which 
provides a feedback compensating apparatus for a working 
system including (a) a working machine for successively 
processing the workpieces, (b) machine control means for 
determining a working condition of the working machine on 
the basis of an extraneous signal, and controlling the 
working machine according to the determined working 
condition, and (c) a measuring device for measuring actual 
dimensions of working portions of the workpieces processed 
by the working machine, the feedback compensating apparatus 
being used with the machine control means and the measuring 
device, the apparatus comprising: (i) determining means for 
determining as the extraneous signal a compensating value 
for adjusting the working condition of the machine for the 
workpieces to be processed subsequently by the machine, on 
the basis of the actual dimensions of the working portion of 
the workpieces which have been measured by the measuring 
device, and according to a compensation rule which changes 
with a change in a vibration level of measured values of the 
actual dimensions obtained by the measuring device; and (ii) 
applying means for applying the compensating value to the 
machine control means. 

For instance, the compensating rule is changed so 
that the compensating value to be determined according to 



the compensating rule is relatively less responsive to a 
change in the dimensional error of the processed workpieces 
when the vibration level is relatively high, while on the 
other hand the compensating value to be determined is 
relatively highly responsive to the change in the 
dimensional error when the vibration level is relatively 
low. Thus, the present arrangement assures adequate 
determination of the compensating value so as to reduce the 
dimensional error of the processed workpieces even when the 
measured values of the workpieces vibrate to a considerable 
extent due to vibration of the machine. 

The determining means described above may be 
arranged to determine the compensating values based on only 
dimensional error values which are differences between the 
actually measured dimensions of the workpieces and the 
nominal dimension. Alternatively, the determining means may 
be designed to determine the compensating value based on a 
variable indicative of a tendency of change in the 
dimensional error, as well as the dimensional error per se. 
Further, the determining means may also use a variable 
indicative of a tendency of change in the variable 
indicative of the tendency of change in the dimensional 
error. 

The above second object may also be achieved also 
according to the sixth aspect of the invention, which 
provides a method of processing a plurality of workpieces by 
a working system including (a) a working machine for 
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successively processing the workpieces, Ch, machine control 
TC a„s for determining a "O-in, condition o t the working 

-h* basis of an extraneous signal, and 
machine on the basis 

arrordinq to the determined 
controlling the working machine according 

a tn\ a measuring device for measuring 
working condition, and (O a measuri 

«f working portions of the workpieces 
actual dimensions of working p 

u .„ *.k« method comprising tne 
processed by the working machine, the methoa 

« the extraneous signal a 
steps of: (i) determining as the 

cc^nsatin, value for «- — — ^ 

t he machine for the workpieces to he processed suhsegu «*» 
by the machine, on the hasis - the actual pensions of the 
working portion of the workpieces which have heen measured 
I th e measuring -ice, and — to a compensate 
rule which changes with a change in a vihration level o 
me asured values of the actual dimensions obtained W «- 

j giving the compensating value 

measuring device; and <n> applying 

to the machine control means. 

The ahove first ohiect may also he achieved 
according to a seventh aspect of the present invention 
which provides a feedhack compensating -~ *" 

• (a) a working machine for 

working system include (a. 

performing a working operation on each of at 

* • . Plurality of workpieces, to 
working portion of each of a plura , ^ 

pr0 cess the each working portion as desire 

working operations on the plurality of the workpieces take 

P t LLsively one after another, (« ~"« 

place au . of the working 

a working condition or 
means for determining a wording 
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basis of an extraneous signal, and 
machine on the basis «i- 

*<n» according to the determined 
controlling the working machine according 

*< t ion and (O a measuring device for measuring 
working condition, ana k^i 

■ , of the working portions of the workpieces 
actual dimensions of the wor*i y 

• - >,-., i-he working machine, tne 
processed or under processing by the 

L— — s 13611,9 used with the I 

control means and the —in, device, the apparatu 

• • „ moans for obtaining 
t*\ data obtaining means ror 
comprising: d) aata 

*h. basis of outputs of the measuring 
dimensional data on the basis or 

* i M .t one of a first period and a second 
device during at least one or 

4- ™riod the working operation on 
period following the first period, 

, f , nn b eing performed during the first 
the each working portion being P 

period , the dimensional data including a .dimensional error 
of the processed working portions of the workpieces; and 
1) compensating means for determining a costing value 

• ■ „„ the basis of the dimensional 
as the extraneous signal on the nasi 

„f fhe working condition 
data, and effecting the adjustment of the 
! he working machine aocordin, to the determined 
— value when the corseting value is outside 
predetermined tolerable range, the compensating ~~ 
inhibiting the adjustment of the working — 
to the compensating value when the compensating value 

within the tolerable range. 

in the feedback compensating apparatus a 

« Ascribed above, 
s to the seventh aspect of the invention as descri 

the working condition of the machine is not ad,usted. -e 

remains unchanged, when the determined compensating value is 
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sufficiently close to zero or within a tolerable range. In 
oth er words, the determined compensating value is utilized 
to adjust the working condition of the machine when the 
compensate value is outside the tolerable range. This 
arrangement permits enhanced stability of the dimensional 
accuracy of the processed workpieces, as compared with an 
arrangement in which each compensating value determined by 

<• »r-tuallv used to adjust the 
the compensating means is actually 

irrespective of whether the determined 
working condition, irrespective 

compensating value is sufficiently close to zero. 

tta inhibition of the adjustment of the working 
condition of the machine according to the compensating value 
m ay be accomplished by arcing the compensating value to be 
applied to the machine control means, or by applying to the 
machine control means a signal which inhibits the adjustment 
of the working condition according to the compensating 
value. Mternatively, the adjusts of the working 
condition may be inhibited by inhibiting the application of 

The above second object may also be achieved also 
according to the above seventh aspect of this invention. 

a f least one working 
which provides a method of processing at 

y. „f » olurality of workpieces such 
portion provided on each of a plurali y 

th at the workpieces are successively processed 

another by a working machine, comprising the steps of: < 

-. including a dimensional error or 

obtaining dimensional data including 

of the workpieces, during at least one 
the working portions of the wor* P 
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of a first period and a second period following the first 
period, the working operation on the each working portion 
being performed during the first period, (ii) determining a 
compensating value as the extraneous signal on the basis of 
th e dimensional data, and (iii. adjusting the working 
condition of the working machine according to the 
compensating value when the compensating value is outside a 
predetermined tolerable range, and inhibiting the adjustment 
of the working condition according to the compensating value 
when the compensating value falls within the tolerable 
range. 

The above first object may also be achieved 
acco.-din, to the eighth aspect of this invention, which 
provides a feedback compensating apparatus for a working 
system including (a, a working machine for successively 
processing the workpieces, (b) machine control means for 
determining a working condition of the working machine on 
the basis of an extraneous signal, and controlling the 
working machine according to the determined working 
condition, and (o) a measuring device for measuring actua 
dimensions of working portions of the workpieces processed 
by the working machine, the feedback compensating apparatus 
being used with eeaaeete*^ the machine control means and 

• „ rf»vi.ce the apparatus comprising: (i) manual 
the measuring device, tne 

compensating means for effecting an manual adjustment of the 
working condition of the machine, the manual compensate 
m eans determining as the extraneous signal a manual 
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compensating value to adjust the wording condition of the 
machine, in response to manual compensating data entered by 
an operator of the machine, the manual compensating means 
applying the manual compensating value to the machine 
control means, and (ii. automatic compensating means for 
effecting an automatic adjustment of the worKing condition, 
the automatic compensating means determining also as the 
extraneous signal an automatic compensating value for 
adjusting the wording condition of the machine for the 
worKpieces to he processed subseguently by the machine, on 
t he basis of the actual dimensions of the worUng portion of 
the worfcpieces which have been measured by the measuring 
device, the automatic compensating means applying the 
automatic compensating value to the machine control means. 
^ automatic compensating means interrupting an operate 
to effect the automatic adjustment when the manua 
adjustment by the manual compensating means is started, and 

effect the automatic adjustment, 
resuming the operation to effect tne 

* «■ —rlier than a moment when a first one of 
at a moment not earlier tnan 

the worKpieces processed by the machine under the wor^ng 
condition adjusted by the manual compensating value has been 
measured by the measuring device. 

I„ the present apparatus according to the eighth 
asp ect of this invention as described above, the worKing 
condition of the machine is adjusted by the mach.ne control 
m eans. according to the manual compensating va.e receded 
from the manual compensating means, or 



compensating value received from the automatic compensating 
means . when the manual adjustment according to the manual 
compensating value is started, the operation of the 

ic interrupted, until the first 
automatic compensating means is interrupt 

* „«H e r the working condition adjusted by 
workpiece processed under the wowiy 

• „ f in . va iue has been measured by the 
the manual compensating value 

n*«f is the operation to effect the 
measuring device. That is, tne op 

automatic adjustment o£ the wording condition is resumed 
when or after the first workpiece influenced by the manual 
adjustment has been measured. Thus, the manual adjustment of 
t he working condition is predominant over the automatic 

, Hhe automatic compensating value is 
adjustment, and the automatic 

determined on the basis of the measured dimensions of the 
workpieces processed under the influence of the manual 

compensating value. 

Where there are some pre-measured workpieces which 

have been processed but have not been measured, the 
dimensions of these workpieces measured after the manual 
adjustment is started does not reflect an influence of the 
manual compensating value . and the use of these dimensions 
to determine the automatic compensating value « 
meaningless. Accordingly, the automatic compensating value 
is determined only after the first workpiece influenced by 
the manual compensating value has been measured and rs 
available to determine the automatic compensating value 
the Present apparatus assures high accuracy of 



Thus, 
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automatic adjustment of the — — - *" ^ 
even after the manual adjustment. 

, the manual compensating data may t» directly 

«— ' — ^ TrTreZlon to effect the 
The interruption of tne o* 

. * fh« working condition of the machine 

o£ the determined automatic compensate value h 
m achine control means. Xamely. «- ~ 
automatic compensate means may he stopped after 
automatic compensate means is determined hut ore h 
termed automatic compensate value is supplied 

machine control means. 

term "resume the operation to effect 

, • ,™nt» is interpreted to mean that actions of 
automatic adjustment is i ^ 

the automatic •—^'j ^ Mchine control means 
compensating ^ is effected with 

are hoth resumed where ^ ^ ^ 

aspect to these actions, or mean t ^ 
- determined automatic ^^^^ is 

1 ^onc is resumed where tne 
control means is 

„ rescect to this action only. 

eff ected with respect pre . measured workpieces 

Where there are any P 

and the measuring device, the first 
5 ^een the machm and the ^ ^ ^ ^ 

workpiece processed under the 

■ „,iue is not measured immediately 
compensating value is 



is applied to the machine control 
man ual compensate value is aPP ^ ^ 

means, Xn this sense, «- — * to 

the automatic compensating means is resum 

. nnt earlier than the moment at 

S T J L worKpiece has heen measure.. - term 
ahove-rndicated first ^ ^ 

,„ot earlier than" means that the op 

mav be resumed when two 

-f.rr.rr- — - -. 

rtnB the automatic compensating 
eighth aspect - the invention th ^ 

»eans includes memory ^"J^ nea sured hy 
the processed worses ^h « ^ _ 

the measuring device. The of 

•.™,„tic compensating value on tne u 
determines the automatic comp 

•„„ of the workpiece measured last By 
the dimension ^ prevlously 

measuring device, and 

measured and stored in ^ ^ ^ 

~ ^^-^ntT st - the dimensions to he 
subsequently measure workpiece 
infl uenced *V the — compensate vaiue 

measured. automatic compensating 

nv.rase "determines tne aut 
The phrase . ^ ^ ^ 

V alue on the basis of the ^ ^ ^ 

measured last hy the measuring device. 
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and stored in the memory 
dimension previously measured and 

i-n cover: (1) a case in which the 
means" may be interpreted to cover, ui 

automatic compensating value is determined based on a 
dimensional error which is a difference between the measured 
dimension and a nominal dimension of the worfcpiece, and a 
tendency of change in this dimensional error; (2) a case in 
whi ch the automatic compensating value is determined based 

• _ = fondencv of change in the 
on each measured dimension, a tendency 

measured dimension, and a tendency * change in the tendency 
o£ change in the measured dimension, and (3) a case in which 
the automatic compensating value is determined based on each 
measured -e»«sd pension as adjusted by the previously 
measured dimension or dimensions. The tendency or change m 
th e dimensional error may he represented by a first time 
d erivative of the dimensional error, and the tendency of 
change in the tendency of change in the measured dimension 
be represented by a second time derivative of 



may 

> 

measured dimension. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Xhe above and optional objects, features and 
advantages of this invention will he better «-~^ 
reading the following detailed description of present y 
referred embodiments of the invention. when considered 
connection with the accompanying drawings, in which, 

Flg . 1 is a schematic view showing a worMng 

• form of a honing system incorporating a 

system in the rorm 01 



— — = r r. — » 

embodiment of this eliltli nate a 

of t he honing system so as 
condition or w= 

• .1 prror of the honed workpiece; 

is a now chart > — 

.ml device for the honing system of Fig. l; 
control device iu mom >,p rs hio functions 

Fig . 3 is a graph indicating membership 

• n«i error R, which are stored m 

• with a dimensional error r, 

associated with condition Qf 

the read-only memory for adjusting 

the honing system; mW , rsh ip functions 

Fi g. 4 is a graph indicating membership 

r .h, error R, which are 
associated with a derivative T of the 

j i_uo read-only memory; 
S1S ° ^ J . is a .a P h indicate stored - 
actions associated with a co^ati, va.e U used to 
adj ust the «U- c-dltl*. ^ membershtp 

Fia. 6 is a graph indicating 

. mc of the workpieces 
functions associated with number MS 
hetween honing station and post-process measuring 

the honing system; hematically showing kinds of 

Pia 7 is a view schematically 

„ • *n auxiliary memory of the honing 
data to be stored in an auxilia y 

SYStem; v indicating an example of a 

pia 8 is a graph indicating 

5 , obtained by the post-process 

measured values obtained w 
succession of measureu 

hhP embodiment of Fig. 1? 
measuring device of the emoo 



Flg 9 is a graph indicating a succession of 
moving averages of the measured values of Pig 

Fi g. 10 is a graph indicating an advantage of 

of the above embodiment, 
feedback compensating apparatus of 

which was exhibited by situation, 

Fl , u is a graph indicating the performance of a 

comparative counterpart apparatus also exhibited by 

SlmUlSti ° n : ig U is a graph indicating another advantage of 
the apparatus of the same embodiment exhibited by another 

simulation? _ - 

rl g. 13 is a graph indicating the performance of 

comparative apparatus counterpart apparatus, 

Flg 14 is a schematic view depicting a modified 
form of the feedback compensating apparatus of the above 
e„t. for explaining the Principle of obtain^ t. 
n um*er of the workpieces between the honing stat.cn and 
post-process measuring device; 

Pi g. 15 is a schematic view similar to that 
F1 g U. acting a further modified form of the apparatus. 
Pig. U is a schematic view also similar to that 
ot Fi g. H. dieting a still further modification of the 

aPParatUS; ng. H is a flow chart illustrating a control 
, ■ a read-only memory of a computer of a 
s program stored in a read 

control, device used in another embodiment 

invention; 



Fig. 18 is a graph similar to those of Figs. 3-5. 
seating membership functions associate, with a second 
de rivative » of the dimensional error a. which are stored ,n 

adiusting the working condition of 
the read-only memory for adjusting 

the honing system; 

Fig. 19 is a view illustrating a group of fuzzy 

• m mo i which is used in the second 
rules indicated in Table 1, whicn 

embodiment of Fig. 17; 

Figs. 20, 21, 22 and 23 are views similar to 
of Fig- illustrating respective groups of fuzzy rules 

indicated in Tables 2, 3, 4 and 5; 

Fig 24. is a graph indicating an advantage of the 

_ ^ +. h ~ second embodiment of 
feedback compensating apparatus of the 

F1 g. 17. which was exhibited by simulation; 

Fi g. 25 is a graph indicating the performance of a 
comparative counterpart apparatus also exhibited bv 

SimUlatl0n ri ,. 2S is a graph indicating an another advantage 
of the apparatus of the second embodiment exhibited by 
simulation,^ ^ ^ ^ ^ ^ ^ ^ 

SY stem in the form of a grinding system incorporating a 
f eedback compensating apparatus constructed accords 
third embodiment of this invention; 

Fig. 2S is a perspective view showing the 
apiece in the form of a crankshaft to be ground by an 
arra y of grinding wheels of the grinding system of F.g. 27. 
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Fig. 29 is a schematic view of the grinding 
system, showing the details of a grinding machine; 

Figs. 30A and 30 B are flow charts illustrating a 
portion of a compensating routine executed by a computer of 
a control device used for the grinding system of Fig. 27, 
for adjusting the grinding condition; 

Figs. 31A and 31B are flow charts illustrating 
another portion of the compensating routine; 

Figs. 32A, 32B, 33, 34A, 34 B>) 35A and 35B are flow 
charts illustrating other portions of the compensating 
routine ; 

Fig. 36 is a block diagram schematically showing 
the flows of the compensating routine of Figs. 30-35; 

Fig. 37 is a graph indicating weighting 
coefficients "b" used in second step of Fig. 36; 

Fig 38 is a graph schematically indicating a 
range in which the weighting rate of the weighting 
coefficients "b» is variable; 

Fig. 39 is a view explaining the number K of 
measured values X necessary to obtain a moving average P 
according to a standard method in the third embodiment; 

Fig 40 is a view explaining the number K 
according to a first special method (substitution averaging 

-in third embodiment; 
method) for the moving average in the tnira 

Fig. 41 is * vlew explaining the number K 
according to a second special method (sub-averaging method, 
for the moving average in the third embodiment.- 
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Fig „ is a ,raph schematically showin* an 

Fig* 4J 1 

nation pe l£ oo,eu in fourth =tep ^ 
Fig . 44 is a graph schematically 

step ° £ n :;r< 5 u a gr a Ph - — * 04 * 

ted by the compensating routine of Fig.. 
process implemented Y me asured 
30-35 to obtain final compensate value 

ValU6SXi « is a view schematically shoving an 

Fig* 4b 1 

.«.„«:::. — - - 

embodiment; „K Pmat icallY showing a first 

Fig . 48 is a graph schematically 

„• «..rmitteat" compensation of Fig. 47; 
me thod for the "intermittent one forB 

Fig . 49 is a graph schematically 

of t fce first method of Fig- «, ^ ^ 

- ■ Fig. 50 is a graph schematically 
° .^.nt" compensation of Fig. 47; 

me thod for the "intermittent Mg one form 

Fig. 51 is a graph schematically 

of the second me^od of Fig ^ the details 

Fig. 52 is a ^ 

25 o£ step s 55 of «..J1, ^ art imstrating the detall s 

Fig* ^ 
of step S75 of Fig. 32; and 



Fig. 54 is a flow chart illustrating the details 
of steps S85 and S90 of Fig. 34. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring first to Figs. 1-13, there will be 
5 described one embodiment of a feedback compensating 

apparatus of the present invention for a honing system, for 
adjusting the honing condition in which the workpiece is 
honed • 

The honing system is adapted to hone the inner 
10 cylindrical surfaces of a plurality of cylinder bores formed 
in each cylinder block for an engine of an automotive 
vehicle. 

in the present embodiment applied to the honing 
system as one form of the working system, the cylinder 
15 blocks are one form of the workpiece, and the cylinder bores 
are one form of the working portion of the workpiece. 

Reference is now made to Fig. 1, wherein a working 
line indicated by arrows extends through the honing system, 
so that the cylinder blocks as the workpieces W of the same 
20 kind are successively transferred. At a relatively upstream 
position of the working line, there is disposed a working 
machine in the form of honing machine 10 for honing the 
cylinder bores in each workpiece W. At a relatively 
downstream position of the working line, there is disposed a 
25^ £e£^^ -vice 14 for measuring the inside diameter X 
of each cylinder bore of each honed workpiece W. 



The honing machine 10 has a plurality of honing 
heads for honing the respective cylinder bores, which are 
driven by respective drive devices. Therefore, the numbers 
of the honing heads and the drive devices are the same as 
the number of the cylinder bores to be honed. Each honing 
head incorporates an in-process measuring head 18 of air 
micrometer type, which is adapted to measure the inside 
diameter of the appropriate cylinder bore under honing while 
the measuring head 18 is moved with the honing head. The 
post-process measuring device 14 has a plurality of 
post-process measuring heads 20 of electric micrometer type, 
which are adapted to measure the inside diameters of the 
respective cylinder bores of each honed workpiece W. 

It will be understood that the inside diameter of 
the cylinder bore is one form of the dimension to be 
controlled by the present compensating apparatus, and the 
post-process measuring device 14 is one form of the 
dimension measuring means of the apparatus. 

The honing machine 10 and the in-process measuring 
heads 18 are electrically connected to an automatic sizing 
device 22, while the post-process measuring device 14 is 
electrically connected to a control device 28 principally 
constituted by a computer which includes a central 
processing unit (CPU), a read-only memory (ROM) and a 
random-access memory (RAM). The control device 28 is also 
connected to the automatic sizing device 22, and to an 
auxiliary memory 32 for storing various sorts of data. 



In the present embodiment, the post-measuring 
device 14 is spaced from the honing machine 10 by a suitable 
distance along the working line, so that a certain number Y 
of the honed workplaces W are present between the honing 
machine 10 and the device 14. These honed workpieces W are 
transferred along the working line toward the measuring 
device 14, for intermittent measurement of the inside 
diameters of the honed workpieces W. The number Y of these 
honed and pre-measured workpieces W is counted by a 
workpiece counter 34 principally constituted by a computer. 
The workpiece counter 34 is connected to a first workpiece 
detecting sensor 36 (in the form of a limit switch, for 
example) which detects the honed workpiece W to be led out 
from the honing machine 10, and a second workpiece detecting 
sensor 38 (e.g., limit switch) which detects the honed 
workpiece W to be fed into the post-measuring device 14. The 
workpiece counter 34 counts the number Y of the honed 
pre-measured workpieces W, by incrementing the count each 
time the first sensor 36 detects the transfer of one honed 
workpiece W from the machine 10, and decrementing the count 
each time the second sensor 38 detects the transfer of one 
honed workpiece W into the device 14. Thus, the number Y of 
the pre-measured workpieces W existing between the machine 
10 and the device 14 can be counted by the workpiece counter 
34. 

in the present embodiment, the workpiece counter 
34 cooperates with the first and second workpiece detecting 
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sensors 36, 38 to constitute one form of means for counting 
the number Y of the pre-measured worlcpieces W. 

The number Y of the honed and pre-measured 
workpieces w means a dead time MS of a control system «hi=h 
receives an input signal in the form of a compensating value 
„i. from the control device 28 and which produces an output 
signal in the form of measured values X generated by the 
post-processing measuring heads 20. Described more 
specifically, when the number Y is zero, the post-measurin, 
device 14 measures the workpiece W immediately after the 
honing operation on the worKpiece W is finished, and there 
is no pre-measured workpiece W waiting for the measurement. 
In this case, a value MS of the dead time is set to be "1". 
Therefore, when the number of the pre-measured worKpieces w 
is egual to Y UD. the device 14 measures the worKpiece W 
„hich was honed by the machine 10 (Y ♦ 1) times of honing 
operations prior to the last honing operation. In this case, 

t 4-« rv + 1). Thus, the dead 
the dead time value MS is egual to ( Y + 1 ) • Tn 

• . * function of the number Y of the 
time value MS varies as a function o 

honed pre-measured workpieces W. 

There will next be described an operation of the 
honing system including the feedback compensating apparatus. 
It is noted that the following description refers to a 
honing operation associated with one of the cylinder bores 
o£ each workpiece. by way o£ example, while in fact the 
honing operations are simultaneously effected on all the 
cylinder bores, in the same manner. 



in the same sense, it is to be understood that 
when the cylinder bore or the honing operation on that 
cylinder bore is referred to in the following description, 
reference should be made to the corresponding honing head 
and in-process measuring head 18 of the honing machine 10, 
the corresponding post-process measuring head 20, and the 
corresponding or associated portions of the automatic sizing 
device 22, control device 28 and auxiliary memory 32. 

Before a series of honing operations on a given 
number of workpieces W, the automatic sizing device 22 is 
calibrated by the operator, such that the output voltage 
(indicative of the measured inside diameter of the cylinder 
bore) of the in-process measuring head 18 coincides with a 
reference voltage representative of the desired nominal 
inside diameter, while the in-process measuring head 18 is 
measuring a master workpiece whose bore has the inside 
diameter equal to the nominal diameter. During a honing 
operation on each workpiece W, the automatic sizing device 
22 monitors the output voltage of the in-process measuring 
head 18 to thereby monitor the inside diameter of the 
cylinder bore of the workpiece W under honing, and applies a 
control signal to the drive device of the appropriate honing 
nead of the machine 10, so as to terminate the honing 
operation of the honing head when the output voltage of the 
head 18 becomes equal to the reference voltage, that is, 
when the inside diameter measured by the head 18 coincides 
with the nominal value. The automatic sizing device 22 is 



adapted to receive a compensation signal in the form of the 
compensating value Ui- (final compensating value, sent from 
the control device 28, so that the reference voltage 
indicated above is changed according to the compensating 
value Ui«. in order to hold an error of the inside diameter 
of the honed cylinder bore within a predetermined tolerance. 

in the present embodiment, the reference voltage 
used by the automatic sizing device 22 is one form of the 
working condition to be adjusted by fbi compensating 
0 apparatus. Further, the control device 28 is one form of 
means for determining the compensating value Ui« to be sent 
t0 the automatic sizing device 22 and thereby adjusting the 
working condition, i.e.. the reference voltage. This control 
device 28 receives compensating data in the form of the 
5 output of the post-process measuring head 20 indicative of 
the measured inside diameter of the honed cylinder bore, and 
determines by fuzzy inference the compensating value .01. to 
adjust the reference voltage of the automatic sizing dev.ce 
22, on the basis of the output of the post-process measure, 
20 head 20. 

For the control device 28 to perform the above 
function, the read-only memory (ROM. provided therein stores 
a control progra* for effecting a control operation 

25 fuzzy inference data used for determining the compensating 
value Ui by fuzzy inference. The fuzzy inference data 
include, (a, fuzzy inference programs, (b, membership 



actions assoc.-. with an error value . which is ^a 

measured value X obtained by the 
difference between the measureu 

oost^process measuring head 20 ana 

^ • with a derivative T of the 

membership functions associated with 

err or value * «d» ^rship functions associated «i h h 

tiM value u (provisional compensating value,, (.) 
compensating value P ^ ^ HS 

membership functions associated wi 

,^ sof th e honed pre-measured worKpieces W) , and If) 

of fuzzy rules for defining relationships among 
three groups o fu, V ^ „ 

the error value R, aeriv 

i„o « the control device 28 uses 
For the error value R, trie c 

, NB (negative big), HM (negative medium), 

seven fuzzy labels NB (neg ^ 

o ma il^ zo(zero), PS (positive 
HS (negative small). values 

" 1 -e. - membership functions of these fuzzy 
labels are indicated in the graph of Fig. 3. 

F or the derivative T of the error value *. the 

control device descr iption from a 

- ~ — Tsui: 1 - me^ershiP functions 
negative value to a positive v ^ 
o£ these fuzzy -is are ^a * g P^ ^ 
For the compensating value u, 

«™ ktq zo PS, PM and 
28 US es the seven fuzzy 1^- ~ ^ _ 
™ described above with respect 

M dSSC . - these seven fuzzy labels are 

The membership functions of romDensating value U 

lnd icated in Fig. 5. M> increase in the compensati 
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results in an increase in the reference voltage of the 
automatic sizing device 22, which in turn results in an 
increase in the inside diameter of the honed cylinder bore, 
on the other hand, a decrease in the compensating value U 
results in a decrease in the reference voltage, which in 
turn results in a decrease in the inside diameter of the 

cylinder bore. 

For the dead time value MS (number Y of the 
pre-measured worXpieces W). there are used three fuszy 
labels PS, PM and PB, whose values increase in the order of 
description from "1" to -20". The membership functions of 
these three fuzzy labels are indicated in the graph of Fig. 

The control device 28 uses the three groups of 
fu zzy rules, which are 8&£&t used for fuz,y inference to 
determine the compensating value U when the dead time value 
MS is egual to 1, 10 and 20, respectively. The first fuzzy 

. , • n«P of MS = 1 is indicated in 

rule group optimal in the case ot 

TABLE 1 below: 
TABLE 1 



MS = 1 





NB 


NM 


NB 


PB 


PB 


NS 


PB 


PM 


ZO 


PB 


PM 


PS 


PB 


PM 


PB 


PM 


PS 



R(ym) 



PM 
PS 
PS 
PS 
ZO 



PS 
ZO 
ZO 
ZO 
NS 



PS 


PM 


PB 


ZO 


NS 


NM 


NS 


NM 


NB 


NS 


NM 


NB 


NS 


NM 


NB 


NM 


NB 


NB 
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An example of a fuzzy rule of the first group is 

expressed as follows: 

IF R = NS and T = PS, THEN U = PS 

The second group of fuzzy rules optimal in the 
case of MS = 10 is indicated in TABLE 2 below: 

TABLE 2 



MS = 10 



NB NM 



R(ym) 



NS ZO PS PM PB 



NB 
NS 
ZO 
PS 
PB 



ZO 
PM 
PB 
PM 
ZO 



PS 
PM 
PM 
PS 
ZO 



ZO 
PS 
PS 
PS 
ZO 



ZO 
ZO 
ZO 
ZO 
ZO 



zo 

NS 
NS 
NS 
ZO 



ZO 
NS 
NM 
NM 
NS 



ZO 
NM 
NB 
NM 
ZO 



The third group of fuzzy rules optimal in the case 
of MS = 20 is indicated in TABLE 3 below: 

TABLE 3 







R(tim) 


MS = 20 


NB NM NS ZO PS PM PB 


T 


NB 

NS 
ZO 
PS 
PB 


70 ZO PS zo zo zo zo 

PB PM PS ZO ZO NS NM 
PB PM PS ZO NS NM NB 
PM PS ZO ZO NS NM NB 
20 ZO ZO ZO NS ZO ZO 



The above fuzzy rules are formulated on the 
following concept: 
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The in-process measuring head 18 measures the 
inside diameter of the honed cylinder bore in the varying 
condition which adversely influences the measurement, for 
instance, in the presence of a varying amount of residual 
5 strain of the honed workpiece W, and varying temperatures of 

the workpiece and the head 18. Further, the in-process 
measuring head 18 is not calibrated so frequently as the 
post-processing measuring head 20, and the electrical output 
of the head 18 indicative of the inside diameter inevitably 
10 includes a drift. Accordingly, the measuring accuracy of the 
in-process measuring head 18 is relatively lower than that 
of the post-process measuring head 20. Generally, the 
measuring error of the in-process measuring head 18 changes 
slowly with an increase in the number of the honed 

15 workpieces. 

To assure the workpiece W to be honed with a 
minimum of influence by such measuring error, the three 
groups of fuzzy rules are designed, as a principle, so as to 
reduce the compensating value U not only with an increase in 
the error value R represented by the fuzzy labels, but also 
with an increase in the time derivative T of the error value 



20 



25 



R. 



The above principle is represented in TABLES 2 and 
3, for example, as follows: That is, where the derivative T 
is NS, the compensating value U decreases in the order of 
PB, PM, PS, ZO, NS and NM as the error value R increases. 
Further, where the error value R is NM, the compensating 
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value U decreases from PM to PS as the derivative T 
increases in the order of NS, ZO and PS. 

It is also noted that in the event of a certain 
temporary defect or trouble with the in-process measuring 
head 18, the actual inside diameter of the honed cylinder 
bore of the workpiece W considerably deviates from the 
nominal values, and the compensating value U determined on 
the basis of the output of the post-process measuring head 
20 is not reliable. In other words, the determined 
compensating value U may -cause the dimensional accuracy of 
the subsequently honed cylinder bores to be outside a 

tolerance range • 

in view of the above possibility, the fuzzy rules 
are also formulated so as to change the compensating value u 
' toward zero ("0"), when the measured value X represented by 
the output of the post-process measuring head 20 suddenly 
decreases or increases to a considerably extent. In other 
words, the fuzzy rules are designed to ignore such sudden 
change of the output of the post-process measuring head 20 
that may be caused by a sudden change in the output of the 
in-process measuring head 18 due to a temporary trouble with 
the head 18 for some reason or other. Accordingly, the 
subsequent honing operations are performed, without suddenly 
changing the reference voltage to be used by the automata 
sizing device 22. This arrangement minimizes the influence 
of the trouble of the head 18 on the dimensional accuracy of 
the honed cylinder bore of the workpieces w. 
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m of the three fuzzy groups are designed on the 
same basic concept as described above. However, the three 
groups are designed differently so as to accomodate a. 
difference in the number Y of the P re-measured worKpieces w 
(d ead time value MS) , for assuring high stability of the 
dimensional accuracy of the honed worKpieces W irrespective 
of a change in the number Y (dead time value MS) . 

Referring to the flow chart of Fig. 2, there will 
be described the operation of the compensating apparatus for 
adiusting the reference voltage of the automatic sizing 
device 22, depending upon the output of the post-process 

measuring head 20. 

The control program illustrated in Pig. 2 « 
adapted to first calculate the error value Ri on the basis 
of the measured value Ki represented by the output signals 
of the head 20 currently received by the control device 28. 
and then calculate the time derivative Ti of the error value 
Hi. on the basis of the calculated error value Ri and 
derivative Ti and the dead time value MS, a provisional 
compensating value 01 is determined. Finally, a final 
compensating value Ui« is determined by adding the 
currently determined provisional compensating value Ui on 
the basis of the previous provisional compensating values 

Ui * ^ CI 

Described in detail referring to Fig. 2, step 
is initially implemented to read in predetermined parameters 
su ch as a nominal inside diameter Ao .hereinafter referred 
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to as "nominal value" where appropriate) of the cylinder 
bore to be honed, and constants » and n max used to obtain a 
moving average Pi (which will be described). Step SI is 
followed by step S2 to read in the measured inside dimeter 

values Xi (i = 0, 1, 2 ) of the cylinder bore 

represented by the output signal received from the 
post-process measuring head 20. Then, step S3 is implemented 

to read in the previous measured values Xi-1, Xi-2 

stored in the auxiliary memory 32 (as indicated in Fig. 7). 

Then, the control flow goes to step S4 in which a 
moving average Pi of a plurality of the measured values X 
which consist of the presently obtained measured value Xi 
and the previously obtained measured values X preceding the 
present value Xi. The moving average Pi will not abruptly 
change even if the currently obtained measured value X, has 
changed by an extremely large amount from the last value X. 
For this reason, the moving average Pi is obtained in step 
S4. To calculate the moving average Pi, the following 
equation (1). is used: 

Tl max „ v 

n=0 (i) 

P. = 

II m»x 

where, *i = weighting coefficient for the present value 
Xi 

n = number of the previous values X. 
max 



Step S4 is formulated such that the present* 

, „ v< is used as the moving average Pi 
obtained measured value Xl is usea 

t ,. h . nrevious obtained values X stored in 
until the number of the previous 

the auxiliary memory 32 becomes egual to n max - 

* example of a succession of measured values Xl 
U indicated in the graph of 3. a succession of 

Fig. 8 is indicated in the graph of Fig. 9. 

Step S4 is followed by step S5 to calculate the 
error value Ki by subtracting the nominal value Xo from the 

L c a chan s6 is then 
.vin, average Pi calculated in step S4. Step 

implemented to calculate a minimum square regression Une 
Je basis of a suitable number of the previous moving 
1^ P -red in the auxiliary memory 3 2 and the moving 
leZ Pi gently calculated in step of 

the previous moving averages P used is e<ual to m ,«>. 
ri ative « is calculated on the basis of the calcu^ 

,,. , 11v t he derivative Tx is 
Mor e specifically, tne 
regression line, wore f , * ian \ of 

:n ir -r,: - - - - - 

o ic smaller than m. 
averages P is smaiie in 

The control flow then goes to step 

n p MS as represented by the output signal 
the dead time value MS as rep 




received from the workpiece counter 34. Step S7 is followed 
by step S8 to determine the provisional compensating value 
Ui, by fuzzy inference on the basis of the error value Ri f 
derivative Ti and dead time value MS. 

The fuzzy inference implemented in step S8 will be 
described in detail. 

At first, fuzzy inference values (logical sums) 
are calculated from the error value Ri and derivative Ti, 
according to the three groups of fuzzy rules discussed 
above. Namely, logical sums yl, ylO and y20 corresponding to 
the fuzzy rule groups for MS = 1, MS = 10 and MS = 20 are 
obtained using the membership functions as indicated in 
Figs. 3, 4 and 5, respectively. Then, values Zps, Zpm and 
Zpb corresponding to the present dead time value are 
calculated according to the three membership functions of 
Fig. 6, respectively. Successively, a product of yl and Zps, 
a product of ylO and Zpm and a product of y20 and Zpb are 
calculated by multiplication, and a final fuzzy inference 
value y is eventually obtained on the basis of the 
calculated three products. The obtained final fuzzy 
inference value y is converted into the provisional 
compensating value Ui according to a suitable rule. The 
details of this rule are not essential to understand the 
principle of the present invention. 

Step S8 is followed by step S9 to read in the two 
previous provisional compensating values Ui-1 and Ui-2 
stored in the memory 32. Step S10 is then implemented to 
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• • „ efflia re regression line on the basis of 
calculate a minimum square regres 

the two previous values 01-1 ana 01-2 and the present value 
„i and obtain the final compensating value UL by adiustin, 
the present value Ui on the basis of the calculated 
.egression line. This manner of calculation assures gradual 

-4™ nf the reference voltage of the 
smooth compensation of tne 

• • ^ V i ce 22 as the honing operation 
automatic sizing device it 

presses. That is, the final compensating value 0, 
determined in step S10 will not abruptly or suddenly change 
but gradually change, since the final value 01- is obtained 
by editing the last obtained provisional value Ui by the 
two preceding values Oi-l and Ui-2. 

In step S10, the provisional value Oi obtained in 
step S9 is used as the final compensating value 01- until 
the number of the previous provisional values Oi stored in 
the auxiliary memory 32 becomes equal to 2. 

Then, the control flow goes to steps 811. S12, 
and 314 to store respectively the values Xi, Pi. Ui and Oi« 

cten S15 is then implemented 
obtained in the present cycle. Step 

t . fl va iue Ui* to the automatic 
to apply the final compensating value ui 

sizi ng device 22. Step S15 is followed by step SIS to store 
data indicative of identification numbers of the fuzzy rules 

a -k= values of the appropriate 
applied in step S6 and the values 

membership functions. One cycle of the control routine s 
ended with the completion of step sl«. and the control flow 

. = to step S2 for the next cycle of implementation of 
returns to step j-^j- 

steps S2 through S16. 



The data identifying the fuzzy rules applied for 
the t«r inference in step S8 are stored in the auxiliary 
memory 32 in step S16, for the purpose of facilitating 
accurate analysis and necessary .edification or tuning of 
the contents of the fuzzy rules and the characteristics of 
the membership functions, by referring to the applied fuzzy 
rules and the frequency of the application, after the 
completion of a series of honing operations on a 
predetermined lot of workpieces W, for example. 

It will be understood from the above description 
of the present embodiment that the compensating values U 
used as an extraneous signal to be applied to the automatic 
sizing device 22 are determined on the basis of not only the 
error values R but also the derivatives T which indicate the 

• n fhe error values R, so as to 
tendency of a change in the error 

accurately control the inside diameters of the honed 
cylinder bores, without influences by disturbances such as 
the measuring error and operating trouble of the in-process 

measuring head 18. 

The present embodiment has further inherent 

advantages as described below. 

To confirm an advantage of the present 
compensating apparatus, a simulation was conducted according 

in which are determined 
to provisional compensating values Ui which a 

by fuzzy inference on the basis of the error values Ri and 

derivatives Ti obtained from the actually measured values Xi 

of the inside diameter of the honed cylinder bores. For 
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comparison with the present embodiment, a comparative 
simulation was also conducted on a comparative apparatus 
adapted to determine the provisional compensating values Ui 
without using fuzzy inference, namely, determine the 
provisional compensating values Ui by using a PID 
(proportional plus integral plus differential or derivative) 
action control in which a product of the error value Ri, 
derivative Ti and an integral value (sum of some measured 

values X) is fed back. 

The actually measured values X in the simulation 
of the present embodiment are indicated in the graph of Fig. 
10, while those in the simulation test of the comparative 
apparatus are indicated in the graph of Fig. 11. In the 
graphs, the range ±3a of the measured values X is indicated 
as a difference from the nominal value. It will be apparent 
from the graphs that the range ±3o is narrower over the 
entire range of the dead time value MS, in the present 
apparatus than in the comparative apparatus. This means 
better dimensional accuracy of the cylinder bores honed by 
the present apparatus than the dimensional accuracy in the 

comparative apparatus. 

Further, the present apparatus can be obtained by 
simply adding the control device 28, auxiliary memory 32 and 
communication cables, to an existing honing system which 
includes the honing machine 10, in-processing measuring 
heads 18, automatic sizing device 22 and post-process 
measuring device 14. Further, the above components or 
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devices to be added can be comparative* easily connected to 
the existing honin, system, and are relatively inexpensive. 
The present apparatus assures proved dimensional accuracy 
o£ the honed workpieces by utilising unique software 
program and without modifying the hardware of the honin, 

Thus the present invention can be 
machine 10 per se. Thus, tne pi 

readily practiced at a comparatively low cost. 

usually, a working system such as the honin, 
system described above adapted to perform a given working 
oration on a succession of workpieces in a production line 
to manufacture a certain end product such as a cylinder 
block is provided with a measuring device adapted to check 
the honed or otherwise processed workpieoes for their 

nrevent the transfer of the 
dimensional accuracy and prevent 

inaccurately processed workpieces to the next working 
system. Such a measuring device can be utilised as the 
post-process measuring device 1, for measuring the din,ension 
of the honed workpieces W to compensate the reference 

• /qovire 22 by feeding back 

voltage of the automatic sizing device ay 

v „ value Ui*. Although an exclusive 
the compensating value ui 

j . ^ f nr the automatic sizing 
post-process measuring device for the 

, - « .„ addition to the existing 
device 22 can be provided in addition 

measuring device, the function of the existing measuring 
de vice can be effectively utilized as the post-process 

, ■ ^A to provide the feedback compensating 
measuring device 14, to proviu 

• • „ ^vice 22 at a relatively reduced 
apparatus for the sizing device 11 ar 

cost. 
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Where the holes such as the cylinder bores to be 
honed, by the honing machine 10 should be finished so as to 
fit mating components such as pistons, with substantially no 
clearance. In this case, the dimension of the holes should 
have a predetermined relationship with the dimension of the 
mating components. In other words, the inside diameter of a 
specific hole should be substantially equal to the outside 
diameter of the mating component. 

in the conventional working system, however, it is 
difficult to reduce the dimensional variation of the holes 
to within a relatively tight tolerance. Hence, it is 
required to classify the holes into several groups depending 
upon the dimension of the holes, and similarly classify the 
mating components into the corresponding groups also 
depending upon the dimension of the components, so that the 
component of a given group is combined with the hole of the 
corresponding group, to provide a set. To this end, it xs 
necessary to use additional devices such as a device for 
providing markings near the holes to identify their 
classification groups, a device for reading the markings, a 
device for classifying the workpieces according to the 
classification of the holes, and a device for storing the 

workpieces as classified. 

The present compensating apparatus which assures 
significantly reduced variation in the dimensional accuracy 
of the honed cylinder bores eliminates the conventional need 
for classifying the finished worKpieces. or at least reduces 



the classification. 

. was conducted according to 

Another simulation was c 

„ values Ui* which are determined for 
final compensating values m 

* ^ reference voltage, namely, 
aradual smooth adjustment of the ref ere 

9 «.* presently obtained provisional 

obtained by adjusting the presently 

obtained _ provlslonal 

compensating value Ui °Y value Ui 

i«« u The provisional compensating value ui 
compensating values U. The ^ 
is determined by fuzzy inference as describ 

. v,« e o result is indicated in Fig. 
respect to the simulation whose result 

.*v tne present embodiment, a 

CMParatiVe Ti l — — " 
are not processed for g* 

reference voltage. tne simu lation of the 

The measured values X in tne 

indicated in the graph of Fig- ^> 

present apparatus are indicated apparat us 

v, in the simulation of the comparative apparat 

whil e those in the sim ^ ^ Qf 

are indicated in the graph of^i . ^ 

»«. 10) in these graphs, the range 

- as a difference from the nominal 
values X is expressed as a ditr 

value. - P i as 12 and 

It will noted from the graphs of Figs 

h t the rate of change in the difference from the 
.5 13 that the rate incre ases is lower 

a = rhe dead time value MS mere* 
nominal value as the deaa appa ratus. 

w^an in the comparative ^ 0i - 
in the present apparatus than in 
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It will also be noted that the difference where the dead 
ti„e value MS is egual to 20 is smaller in the present 
apparatus than in the comparative apparatus. Thus, the 
present apparatus using the final compensating values Ui> 
which will relatively gradually change assures improved 
stability in the dinensiona! accuracy of the honed cylinder 
hores, independently of an increase in the dead time value 

MS. . 

The embodiment which has been described above by 

reference to Figs. 1-9 «T »e modified as needed. 

For instance, the control program or routine of 

. ^ w ^^inrr a step for informing the 
Fig. 2 may be modified by adding a step 

* * ^fort or trouble with the 
operator of a possibility of a defect or tr 

in-process measuring head 18 if the absolute value of the 
calculated derivative T exceeds a given threshold value once 
or a predetermined number of times or more in successive 
cycles of implementation of the control routine of Fig. 2. 
This arrangement frees the operator from an inspecting :ob 
£ or diagnosing the in-process measuring head U. and pe»its 

j „,„„ - f anv trouble with the head 18, 
easy and early detection of any tro 

and early remedy for the detected trouble. 

The above step to be added may be modified, for 
example, such that a trouble with the head 18 is detected by 
calculating a difference between the presently measured 
value XI and the preceding measured value Xi-1 stored in 
auxiliary memory 32. and compare the difference with a 
predetermined threshold. 
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m the embodiment of Figs. 1-9. the relationships 
or so-called "rules o£ thumbs" empirically recognized as 
existing among the error value R. privative T and 
compensating value U are represented by fuzzy rules on which 

~a =»<= a honing condition by the 
the reference voltage used as a noning 

automatic sizing device 22 is adjusted or compensated, 
regardless of whether the relationships or rules of thumbs 
are linear or non-linear. Thus, the automatic sizing device 
22 can be optimally controiled in relation to various 
factors involved in the honing operation. However, the 
compensating value 0 may be determined by any suitable 
^hod other than the fuzzy inference, for instance, by a 

•i /iorivative or differential) 
PID (proportional, integral and derivativ 

control method or other modern control methods. 

Further, the illustrated embodiment uses only 
three groups of fuzzy rules corresponding to the dead time 
value MS of 1, 10 and 20, and is therefore available a 

. time for formulating and 

accordingly reduced cost and time 

storing the fuzzy rules. 

In the illustrated embodiment, the fuzzy rules of 
TABLES 1. 2 and 3 are formulated to determine the 
compensating vaiue U regardless of the actually detected 
dead time value MS (number V of the pre-measured wor.piece 
„,. and independently of the membership functions of Fig. 
associated with the dead time value MS. This arrangement 
facilitates the designing of the programs for the fuzzy 
inference, contrary to an arrangement in which the fuzzy 



^ are formulated to determine the compensating 

k ■ of the three detected variables which include 
on the basis of the tnre« 

the dead time value MS. 

As suggested above, the fuzzy rules are used t 

..!„„ value U as one output on the 
determine the compensating value 

k • of the error value > and derivative T as two inputs, 
basis oi the _ aeterroi »ed by fu«y 

However, the compensating value U may Be 

the basis of three inputs consisting of the 
inference on the basis 

variables R, T and MS. 

WfcUe the illustrated embodiment is applied to 

•,h one honing machine 10 and one 
honing system with one ho 

Novice 14 disposed along a singx 
post-process measuring device * 

Ling or honing line for honing the worKpieces W of the 
Kind the present compensating apparatus may be 

modified so as to be used ro 

For instance, the present invention may be 
„ as a compensating apparatus for a single-line 

^ tern caple of dealing with different Kinds of 

wording system enable ^ ^ ^ 

workpieces. In this case, Described 

tj-irr 14 for instance. Desctxwc 
! is modified as shown in Fig- „ orkDie ce 

n. the apparatus includes two workpiece 
TOr e specifically, the PP ^ ^ 

identifying sensors 5 » 

counter 3, and the first ^ ^ ^ ^ 

- to The first worKpieuc 
sensors 36, 38- me x marhi n e 10 and 

j honing macnine j-^ ~ 

— r — - - — 

identifies the kind or 

n ^4= the sensor 50 is «a 
10. The output signal of the 
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ter 34 and also to the automatic sizing 
worXpiece counter 34. refe rence 

„ so that the devwe 22 selects 
devl ce 22 so ^ dimenslon o£ the 

voltage -presented * th e output signal. 

Ihe second worKpxe oess devioe 14 ^ 

the u T ea th" 1 - - — - be measured w the 

identifies the ^ ^ 52 ls 

— in9 d6V1Ce ."• "l tet 34, and also to the measuring 
£ed to the worKpiece counter , appropri ate 
• u so that the device 14 selects 

lad 20 rusher, the worKpiece counter 34 is 
m easunng head pte . me asured workpieces 

rr: i» » - — » r — r: 

r 26 the count corresponding to tn 
detecting sensor 36, the incre mented. 

•*«««-ified by the sensor 50 is 
the wor,piece identified ^ ^ 

/.mint is decremented it 

lng aevloe 14 is 

„or*piece o f the same -d ^ ^ ^ 

de tected hy the second worXpiece «~ g^ 

^ontifving sensor 52. inu=>, 
second worKpiece rdentHyi . fcy 

o£ the pre-measured worKpieces of all 

the counter 34. slgnal o£ thc 

Since the generation of 

„=or 52 indicates the transfer of th 
second identify^ sensor 
5 „o rt piece into the measuring dev.ce 14. 
meeting sensor 38 may he omitted. 



Referring to Fig. 15. there is shown another 
modified working system which includes a plurality of 
working machines 10 adapted to deal with the workpieces of 
the same kind, and one post-process measuring device 14. In 
the specific example of Pig. 15, the working system has two 
machines 10 disposed at the upstream ends of the respective 
working lines which lead at the downstream ends to the 
measuring device 14. In this case, the compensating 
apparatus should adjust the working conditions of the two 
machines 10 independently of each other since the operating 
characteristics of the two machines 10 are generally 
different, even though the workpieces of the same kind are 
dealt with by the two machines 10. accordingly, the 
. compensating apparatus is preferably arranged as described 

below, for example. 

The compensating apparatus has the first and 
second workpiece detecting sensors 36, 38 for each of the 
two machines 10, and the workpiece counter 34 commonly used 
for the two machines 10. The second workpiece detectrng 
sensors 38 are disposed at the downstream ends of the 
parallel two working lines downstream of the respective 
machines 10. The workpiece counter 34 is adapted to count 
the numbers Y of the pre-measured workpieces transferred 
from the respective machines 10. If the transfer of the 
workpieces from the machines 10 is detected by the first 
sensors 36, 36, the respective counts corresponding to the 
two machines 10 are incremented. If the transfer of the 
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workpieces Into the measuring device 14 is detected by the 
second workpiece detecting sensors 38, 38, the respective 
counts are decremented. This arrangement is preferable for 
the reason indicated above. Since the working lines are 
arranged to transfer the workpieces from the ends of the 
lines directly to the measuring device 14, the two second 
workpiece detecting sensors 38 are able to detect the 
transfer of the workpieces from these two lines into the 

measuring device 14. 

The compensating apparatus is also applicable to a 

working system including a plurality of machines as in the 
example of Fig. 15, each of which is however adapted to deal 
with different kinds of workpieces. In this case, the 
compensating apparatus should adjust the working conditions 
of the different machines, depending on the kinds of the 
workpieces. Therefore, the compensating apparatus is 
preferably arranged as shown in Fig. 16, for example. 

in the example of Fig. 16 wherein two machines 10 
are provided, the compensating apparatus includes two 

nr\ 7 0 and one second 
workpiece identifying sensors 70, 70, and 

• ^ • ,.„«,, 72 in addition to one 
workpiece identifying sensor li. 

workpiece counter 34, two first workpiece detecting sensors 
36 and two second workpiece detecting sensors 38 as provided 
in the example of Fig. 15. Each first workpiece identifying 
sensor 70 is disposed at the upstream end of the appropriate 
machine 10, and identifies the kind of the workpieces loaded 
onto the machine. The second workpiece identifying , sensor 72 
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is disposed at the upstream end of the measuring device 14, 
and also identifies the Kind of the workpieoes transferred 
into" the measuring device 14. The workpiece counter is 
adapted to count the numhers Y of the pre-measured 
workpieoes of each kind transferred fro. each of the two 
machines 10. Accordingly, the number of the counts is equal 
to the number of combinations of the machine and the 
workpiece kind. If the transfer of the workpiece of a given 
Kind from one of the two machines 10 is detected by the 
appropriate first workpiece detecting sensor 36, the count 
corresponding to the combination of that one machine 
(recognized by the position of the sensor 36) and that given 
workpiece kind (identified by the sensor 70, is incremented. 
If the transfer of the workpiece of that kind into the 
measuring device 14 is detected by the sensors 38, 72. the 
same count is decremented. For the reason indicated above, 
the present arrangement for counting the numbers Y of the 
pre-measured workpieoes is preferable. 

The second workpiece detecting sensors 38 may be 

* c<„ 16 if the second workpiece 
omitted in the example of Fig. 16, if tne 

identifying sensor 12 is modified to identify the machines 
!0 from which the workpieoes are transferred, as well as the 
Kinds of the workpieoes. For instance, suitable markings 
indicating the identification numbers of the machines 10 by 
which the workpieoes are processed are provided directly or 

, n j 4. y,e sensor 72 reads the 
indirectly on the workpieoes, and the sens 

markings. 
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In the embodiment of Figs. 1-9, workpieces are 
successively processed one after another, and each workpiece 
has a plurality of working portions or cylinder bores which 
are honed concurrently by respective tools. Further, 
dimensional data are obtained for each of the working 
portions or honed cylinder bores, to determine the 
compensating values for adjusting the working conditions of 
the individual working portions of the workpiece. However, 
it is possible to obtain the dimensional data for a selected 
one of the working portions of each workpiece, and determine 
the compensating value for the selected working portion. In 
this case, the obtained compensating value is utilized to 
adjust the working conditions of the other working portions. 
This arrangement eliminates the need of obtaining the 
dimensional data on the other working portions and 
determining the compensating values on the basis of those 

dimensional data. 

In the illustrated embodiment, each working 
portion (cylinder bore) of the workpiece has only one 
diameter (inside diameter), the principle of the invention 
is applicable to a cylindrical working portion having a 
plurality of different diameters at respective axial 
positions of the working portion. In the former case, there 
is only one dimension (diameter) to be measured by the 
post-process measuring device. In the latter case, each of 
the dimensions (diameters) at the different axial positions 
of the cylindrical working portion is measured, and the 
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principle of the invention is applicable to each or any one 
of those dimensions. 

4. +-« Pi as 17-23, there will be 

Referring next to Figs, i/ 

described a second embodiment of the feedback compensating 
apparatus of the present invention. Unlike the fxr.t 

«. of Fia 1 this second embodiment does not 
embodiment of Fig. if 

ia and the workpiece 

include the workpiece counter 34, ana t 

meeting sensors 36. 38. Further, the control program or 
routine store, in the read-only memory of the control device 
28 of the second embodiment is different from that of the 

first embodiment illustrated in Fig. 2. 

. r . ,11.. read-only memory 

Described more specifically, the reaa 

o£ the control device 28 used in the second embodiment 
stores the control program as illustrated in the flow chart 
of Fi,. 17, which is implemented to determine the final 
compensating value Ui« and adjust the reference voltage of 
the automatic sizing device 22 according to the compensating 
value Ui*. 

The read-only memory of the control device 28 also 

j... ..=pd for determining the 
3 stores fuzzy inference data used for 

compensating value Ui by fuzzy Terence. The fuzzy 
inference data include: (a, fuzzy inference programs; ,b 
membership functions associated with the error value R; < = > 
membership functions associated with the derivative T of the 
, 5 error value R; (d, membership functions associated with a 
^ derivative^ the derivative i.e.. a second derivative o 
the error Calue R; «.) membership functions associated with 
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, m (provisional compensating value); 
the compensating value U, (P- 

r^f fuzzy rules j-^j. 
and (f, five ^oups of » aerivatl ve T. 

, derivat ive D and compensate value 01. 
second denv.tiv 28 uses 

For the error value R, 
, „ labels HB (negative big), »• (negative medium,, 
seven fuzzy labels N (BOslti ve small). PM 

NS (ne , atlve smaU). -(zero, » J ^ 
(positlve medium, and PB (positive big) . as 
1st embodiment. The membership functions of tbese 
la be!s are indicated in tbe graph of Pi, 3. . 

For the first derivative T - - 
privative B. the control device 2 S uses fi« «« 

™ ,„rf PB whose values increase in the era 
„. ». ,0. PS and PB w itive The 

ascription fro. a negate v ^ ^ ^ 

m embershiP functions of 

ideated in the graph of Pig- »' 
derivative T are indicate ^ ^ ^ ^ o£ 

those for the derivative B are 



Fig. IB- 



For the compensating value U. the control device 

Je seven fuzzy labels ». «, ». »• » "* 

28 U " S ^ 5 the £irs t embodiment. The membership 

». as used in the ^ ^ ^ 

• . „f these seven fuzzy labels are in 
functions of these ^ ert3odiment , 

5 . As described ^ ^ ^ sUing device M is 

^ "I TZ id dieter of the honed cylinder bore 
increased and the insiae 

. ■ s the compensating value 
is accordingly increased as the 
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i»<» and the inside diameter are 
increased. The reference voltage and 

sed as the compensate value 0 is decreased, 
decreased as the P ^ groups o£ 

The control device 28 uses 

^ticallY used £ ° r fu " Y infe " nCe " 

uhioh :ri e « — « — ^ 01 

determine the compensate » ^ ^ ^ 

th e second derivative D « ^ 
respectively. These groups of fuzzy 

th e following » — of fuzzy 

Por easier understand the ^ 

in TABLES 4-8 are 
rules indited in 

three-dimensional graphs of Figs. 
TABLE 4 



D = PB 



NB 
NS 
ZO 
PS 
PB 




NB 


NM 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 



ZO 
ZO 
ZO 
ZO 
ZO 



ZO 
ZO 
ZO 
ZO 
ZO 



ZO 
ZO 
ZO 
ZO 
ZO 



PM 


PB 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 



TABLE 5 





TABLE 8 



D = NB 




NB 
NS 
ZO 
PS 
PB 



NB 


NM 


NS 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 



ZO 



ZO 
ZO 
ZO 
ZO 
ZO 



PS 


PM 


PB 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 


ZO 



i of a fuzzy rule is expressed as 
An example of a ruzay 



follows : 
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IF R = NS and T = PS, THEN U = ZO 

Each of the five groups of fuzzy rules is 

e « as to reduce the compensating 
assigned, as * principle, so 

val ue 0 not only with an Increase in the error 
presented by the fu«y labeis. -t a lS o with an increase 
in the first derivative T. The five groups - **r - 
are differently foliated so as to reduce the compensating 
val ue 0 with an increase in the second derivative D 

ne above concepts are represented in TABLE 6. for 
example, as follows: That is. where the derivative * is 
th e compensating value 0 decreases in the order of * ™ 

„. „. NS and NM as the error value R incr —er 

wi re the error value R is «. the compensating value U 
decreases in the order of PM, PM and PS as the derivative T 
increases in the order of NS, ZO and PS. 

M in the first embodiment, the fu«y rules 

..„ rfianae the compensating value U 
also formulated so as to change tn 

„ Iero when the measured value X represented by 

toward zero , 0 ^ ^ suddenly 

the output =onsiderably extent . T nus. the 

decreases or increases to 

oontrol device 2 S ignores such sudden change of^the P 
„ the post-process measuring head 20 that may b. caused y 

» „* the in-process measuring 
. sudden change in the output of the 
h d 18 due to a temporary trouble with the head 

dlly - subseguent honing operations are performed. 
Accordingly, tne su« h 

4->, 0 reference voltage to oe 
without suddenly changing the referen 

. ,o en as to minimize tne 
«?izina device 22, so as 
by the automatic sizing 
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influence of the trouble of the head 18 on the dimensional 
accuracy of the honed cylinder bore of the worKpieces w. 

.The above concept is represented in TABLE 6, for 
example, such that the compensating value U is ZO where the 
error value R is KB or tH while the first derivative T » 
m , or where the error value is PM or PB while the first 

derivative T is PB. 

Further, the relationship between the second 

derivative D and the compensating value u is determined such 

that the compensating value U is generally smaller when the 

second derivative D is PS than when the second derivative D 

is ZO, and such that the compensating value U is generally 

larger when the second derivative is NS than when the second 

derivative D is ZO. However, the compensating values u when 

the second derivative D is PS and those when the second 

derivative D is HS are net completely symmetrical w.th 

respect to the compensating values 0 when the second 

derivative D is ZO. This asymmetrical relationship permits 

improved stability of the dimensional accuracy of the honed 

cylinder bores • 

It is also noted that the compensating value U is 

j j av <„ a five D is PB or NB, for 
generally ZO when the second derivative D 

the same reason as when the absolute values of the error 
value R and first derivative T are relatively large. 

~* <-Vi<» feedback compensating 
be described the operation of the feeoca 

. ^- 4-v,o reference voltage of the 
apparatus for adjusting the reference 
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automatic sizing device 22. depending upon the output of the 
post-process measuring head 20. In Fig. 17. the sajne step 
numbers as used in Fig. 2 are used to identify the 

corresponding steps. 

Like the control program illustrated in Fig. 2 of 
the first embodiment, the control program of Fig. 17 is 
adapted to first calculate the error value Ri on the basis 
of the measured value Xi represented by the output signals 
of the head 20 currently received by the control device 28. 
Then, the first and second derivatives Ti and Di of the 
error value Ri are calculated. On the basis of the 
calculated error value Ri and derivatives Ti and Di, the 

-,nn« value Ui is determined. Finally, 
provisional compensating value ui 

the final compensating value Ui* is determined by adjusting 
the currently determined provisional compensating value Ui 
on the basis of the previous provisional compensating values 

Ui. 

steps S1-S6 are implemented as in the first 
embodiment. The calculation of the moving average Pi in step 
S4 is conducted according to the above equation (1). In tta. 
connection, it is noted that the weighting coefficient -i 
and the number used in the eguation (1), as well as the 

four rules and membership functions are determined on the 
assumption that the number Y of the pre-measured worKpieces 
„ is "19" and the dead time value MS is therefore "20". 

Step S6 is followed by step S17 to calculate a 
minimum sguare regression line on the basis of the presently 



obtained first derivative Ti calculated in step S6 and a 
suitable number of the previous first derivative values T 
stored in the auxiliary memory 32. The number of the 
previous first derivative values T is egual to r U2>. The 
second derivative Di is calculated on the basis of the 

calculated regression line. 

•v ^ first derivative Ti, the second 
Like the nrst u. ^^kw 

aerivative Di in step S17 is zeroed until the - 

th e previous first derivative values T stored in the memory 

in 32 becomes equal to r. 

It is noted that the first derivative Ti obtained 
in step S6 represents the tendency of change in the error 

# » second derivative Di 

value Ri (moving average Pi), and the 

« • S17 represents the tendency of change in 

obtained m step Si/ repic 

15 the first derivative Ti. 

natives Ti and * are obtained, the control flow goes to 

„ »„.!». the provisional compensating value Ui 
step S8 to determine tne pj." 

fuzzv inference implemented in this 
by fuzzy inference. The fuzzy im 

20 step S8 will be described in detail. 

mitially. fuzzy inference values .logical sums, 
„e calculated from the error value Hi and first derivative 
Ti . according to the five groups of fuzzy rules 
4 .S discussed above, namely, ideal sums Vnb, Vns, Vzo VP 
25 and Vpb corresponding to the fuzzy rule groups for D - HB B 
. HS \- ». , - PS and 0 = » are obtained using t e 
membership functions as indicated in rigs. 3. 4 and S. 
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respectively. Then, values Znb, zns. Zzo, Zps and Zpb 
corresponding to the present second derivative Di are 
calculated according to the five membership functions of 
Fig. 18, respectively, successively, a product of Ynb and 
Znb, a product of Yns and Zns, a product of Yzo and Zzo, a 
product of VPS and Z P s and a product of Ypb and Zpb are 
calculated by multiplication, and a final fuzzy inference 
value y is eventually obtained on the basis of the 
calculated five products. The obtained final fuzzy inference 
value y is converted into the provisional compensating value 
01 according to a suitable rule. The details of this rule 
are not essential to understand the principle of the present 
♦invention. 

Step S8 is followed by steps S9-S12 as described 
above with respect to the first embodiment. In step S10, the 
final compensating value Ui« is obtained by adjusting the 
present value Ui on the basis of the regression Une 
calculated from the present provisional compensating value 
Ui and the two previous provisional compensating values Ux-1 
and Ui-2. The thus obtained final compensating value Ux« 
assures gradual smooth compensation of the reference voltage 
of the automatic sizing device 22 as the honing operation 
progresses. The provisional value Ui obtained in step S9 x. 
used in step S!0 as the final compensating value Ui« untrl 
the number of the previous provisional values Ui stored m 
the auxiliary memory 32 becomes equal to 2. 
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Step S12 is followed by step S18 to store the 
fi rst and second derivatives Ti and Di in the auxiliary 

« Step S18 is followed by steps S13 and S14 to 
memory 32. step aio x 

. . nnal and final compensating values Ui and 
store the provisional ana iinaj. 

n a « in the first embodiment. 
Ui* in the auxiliary memory 32, as in the 

Then, the control flow goes to step S19 to 
d etermine whether the final compensating value Ui* is -o 

• ««.o« c;l9) step S15 is implemented to 
"NO" is obtained m step S19), step 

+ ir>„ value Ui* to the automatic 
apply the final compensating value Ui 

„ -,.22 and the control flow goes to step S16 
sizing device 22, ana 

r* ^hP value Ui* is zero (if an affirmative 
described above. If the value ui 

Vision "YES" is obtained in step B19), the control flow 
g oes from step S19 directly to step 816, sapping step - 

i. • vra 17 is ended with 
One cycle of the control routine of Fig. 

* <U6 and the control flow returns to 

the completion of step S16, and tn 

step S2 for the next cycle of implementation of steps 
through S16« 

It will be understood from the above description 
o£ the second embodiment that the final compensate values 
ol . are determined on the basis of not only the error values 
' r a nd the first derivative T of the error value . but also 

_ the error values R, so as to 
the second derivatives D of the 

«. i the inside diameters of the honed 
accurately control the msia 

cyli nder bores, without influences by disturbances such 
the measure error and operate trouble of the .-process 
measuring head 18. 
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ae use of the second derivative D in addition to 
th e first derivative T to determine the compensating value 
ul . assures t h e sa»e or higher dimensional accuracy of the 
honed cylinder tores, as in tbe fi..t embodiment of ig. 
in which the dead time value MS or the number Y of 

. „ , « taken into account to determine 
ore-measured workpieces W is taken m 

, . „l. The provision of the workpiece 
the compensating value Ox . The P 

n Hoi-pctinq sensors 3b , so wm 

counter 34 and the workpiece detectxng 

the cost of the compensating apparatus, and 
increase the cost w 

. -. i time and labor to modify an existing 
requires additional time ana x 

t em to provide a honing system equipped with the 
honing system to provid 

compensating apparatus. In this respect, the 

• ™„nter 34 is advantageous 
embodiment using no workpiece counter 

over the first embodiment. 

However, the second embodiment may be provided 
with the workpiece counter 34 and the related -ponents as 

.to further improve the dimensional 
in the first embodiment, to furtner 

Icl. of the honed workpieces by advent < ,f the ^ 
condition .reference voltage of the sising device M , by 

~ at Tn rZnt second embodiment, step SIS is 
skipped, namely, the output of the control device ; s is - 

final compensating value Ui 

1 ficult to match the operating cycle of the post-process 

measuring device required to 

because a considerably Ion, processing time 
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effect data transmission from the control device 28 to the 
sizing device 22 via KS232C or other suitable transmitting 
m eans. In most cases, these operating cycles are not 
etched, unless a high-grade program language is used to 
assure a match in the =v=Un, operation between the machine 

^ u or a suitable hardware means 

10 and the measuring device 14, or a suit 

~ fh« match This problem may be avoided 
is employed to assure the match, mis r 

by reducing the f reguency of the data transmission from the 
control device .28 to the si.ing device 22. Where 30 

are honed by the machine 10, the final 
workpieces are nonea oy 

4. han Z ero "0" ten times 
compensating value Ui* becomes other than 

A*™ to the second embodiment, the data 
or so. According to tne 

• v a ««iv the final compensating value Ui* to 
transmission to apply tne rm* 

• * ,w 22 is effected only in such instances, and 
the sizing device 22 is enei. 

the processing time for the data transmission is accordingly 
reduced. Hence, the present embodiment does not retire a 

i.nmiaae for matching the operations of 
high-grade program language ror m 

the machine 10 and the measuring device 14. 

T0 confirm an advantage of the compensating 
apparatus according to the present second embodiment, a 
simulation was conducted according to the final compensating 
. V8 lue Ui- which is obtained by adjusting the present 

lilies Ui by the previous 
provisional compensating values Ui 

values U. The provisional 
provisional compensating values 

+ -na value Ui is determined by fuzzy inference on 
compensating value ui a* 

. o£ tne error values SI and first and second 
the basis or tne eu^ 

■ rtv» 5 Ti and Di obtained from the actually measured 
derivatives Ti ana u± 



the automatic siziny ^ , . . _ . 

^th the present embodiment, a 
nn , zero . For comparison with tne p 

also conducted on a comparative 
curative — was « ~ ^ ^ 

app aratus adapted to supply «- ^ 
to the automatic sizing device 22, irresp 
the value Ui* is zero or not. 

* result of the simulation of 

■ indicated in the graph of Fig. 24, while a 
sediment is indicated ^ ^ ^ the 

result of the comparative ^ 

* „•„ The corresponding result 

grap h of Fig. - ^ ^ volta9e o£ the sizing device 
compensation of the rereren 

22 is indicated in the graph of Fig. 26. ^ 
It wl ll he understood from the graphs of Figs. 

d „ that the dimensional accuracy of the honed worses 

and 26 tnac present 

is significantly ^ ^ ^ — ^ ^ 
sec ond embodiment of F g. . ^ ^ ^ 

without any compensation of Fl,. ^ 

rt.t the present embodiment of Fig. 24 a e 
understood that the pr lue „<. to the sizing device 

, »ho final compensating value Ui 
supply the final P ^ ^ the 

22 0 „ly when the valu - - ^ o£ 

same dimensional accuracy as tne 

Fi9 * " * oH in the second embodiment 

While the program used in the 

qiq this step may De 
Ulustrated in Fig. 17 includes step 81.. 
fitted so that the final compensating value 
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•„ ( „„ device 22 even when the value Ui« is 
to the automatic suing device 

. „ t ~ Figs . 27-54, there will be 
Referring next to ng= 

» n f the feedback compensating 
described a third embodiment of the 

apparatus of this invention. 

The Present third embodiment is applied to 

ten in the form of a grinding system adapted to 
working system the ^ ^ ^ ^ 

grl nd a worKpiece in the form ^ ^ 

* ^ —ft ' namely, cyiindrical 
working portions - ^ ^ ^ the 

surfiC es of ^ 2 ;°: t : 1 cranksha£tis indicated at 12S. 
crankshaft. In Fig. 28, the c 

- - *»— - ^;; d i l2 ;; indlng „ ^ 

As shown in Fig. *<> . 

nn two in-process measuring 

heads 112 (only one of which ^ ^ ^ 

automatic sizing device 11*. - ^ 
post-prooessing measuring device 116, 

, device 120, and an auxiliary memory 122. The 
118, a control device nu. 

F g • form of crankshafts 126 

A succession of workpieces in ^™ ^ the 

(one of which is shown in Pig- ^ down5tream 

working line from the upstream 
side (from left to right » in 27,. 



The grinding machine 110 employs an array of 
coaxial cylindrical grinding wheels 130 as shown in. rigs. 23 
and 29 for performing a cylindrical grinding operation on 
th e seven Journals 128 of each crankshaft 126. In operation, 
the grinding wheels 130 and the crankshaft 126 are rotated 
ln contact with each other, to simultaneously grind all of 

the seven journals 128. 

M shown in Fig. 29, the grinding machine 110 has 
a work table 132 on which the crankshaft 126 as the 
workpiece is mounted for grinding. The work table 132 rs 
attached to a main frame of the machine 110. and includes a 
holder (not shown, for rotatably supporting the crankshaft 
126 , and a drive motor 34 for rotating the crankshaft 126. 

The grinding machine 110 also has an infeed table 
1M for advancing and retracting the array of grinding 
wheels 130 toward and away from the work table 132, and a 

table 136 is attached to the main frame of the machine 110. 
and is reciprocate in the direction perpendicular to the 
axis of the crankshaft 126 on the work table 132. The sw.n, 
ta ble 138 is rotatable or pivotable (both clockwise and 
counterclockwise, in a plane parallel to the Plane of M . 
M . about a Pivot axis perpendicular to those planes an 
also perpendicular to an axis of the grinding wheels U 
indicated by one-dot chain line in Fig. 2,. The prvot «o. 
is seated near one of opposite ends of the shaf t on wh, 

ThP infeed table 13 6 is 
the wheels 130 are mounted. The 
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and the swing table 138 is pivoted by a swing motor 142 

fixed to the infeed table 136. 

Thus, the angle (hereinafter referred to as 

grinding angle- where appropriate, forced by the axes of 

rotation of the grinding wheels 130 and the cranxshaft 126 

can be changed by the swing motor 142. 

The two in-prooess measuring heads 112 are 

attached to the grinding machine 110. to measure the 
diameters of the first and seventh Journals 128 hereinafter 
referred to as "end Journals" where appropriate, which are 
nearest to the respective opposite ends of the cranxshaft 
12 6, as shown in Fig. 28. Each measuring head 112 is of an 
electrical micrometer type, having a pair of measuring 
pI obes for contact with diametrically opposite portions of 
the cylindrical surface of the appropriate end Journal 128, 

to measure the diameter of the end Journal 128. 

• •„„ ^ W ice 114 is electrically 
The automatic sizing device 11* 

connected to the in-process measuring heads 112, as shown in 

F1 gs. 27 and 29. and is principally constituted by a 

computer which includes a central processing unit (CPU, a 

read-only memory (*»>. a random-access memory («»> and a 

b us interconnecting these elements. The sUing device 114 „ 

adapted to monitor the diameters of the end Journals 

-.^4^ 110 by means of tine 
. j . ^ _ w v +-he machine iiUf w * 
under grinding &Y ^ne 

respective in-process measuring heads 112. and apply output 
signals to the motor controller US. depending upon 
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outputs of the measuring heads 112. lore particular*, the 
sizing device 1H -iters the outputs of the measuring 
hea ds 112 to deterge whether the residual amounts of 
inf eed of the wheels 130 reared to grind the end iournals 
12 B to respective nominal diameter values AO thereof have 
b een reduced to respective preset values ...... «- 

grinding, or not. or whether the residual amounts of infeed 

end journals 12B have, been ground to the nominal dieter 

„ (to be established by precision or finish 
values Ao (to t>e es>v<^ 

the sizing device 114 determines 
grinding). In other words, the sizing 

.. * lovels of the measuring heads 112 have 
whether the output levels ot t 

reached reference values preset in the sizing device U 

the end iournals 128. respective*. The reference values .ay 

nd to the final or nominal outside diameter values 
correspond to the imax laT . flpr 

• „i. 128 or any desired diameter values larger 
of the 3 ournals 128, or any 

• 1 ™iues which desired diameter values are 
than the nominal values, wmu 

stabiished by a rough grinding operation, for ^ 
Accordingly, the signals applied from the sizing e ~e U 
to the motor controller 115 indicate that the end ^na 
128 have been ground to the nominai diameter value Ao ~ 
the residual amounts of infeed of the wheels 130 have 
reached the preset values which correspond to outside 
meters larger than the nominal values Ao 

The reference values preset in the 
sizing device 114 for the end :ournals 12B accord ing to the 
nominal diameters Ao thereof can be ad.usted according 
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respective ccpensatin, values , received fro„ the control 
device HO of the co.pen.atin, apparatus. This ad jU st.ent „ 
M de to assure that the actual peters or the 9 round end 
j0 urnaU 12. are exact!, eo^al to the nominal dieter 
va lues », The reference values are ad jU sted w.th t 
co^ensatin, values U added thereto, or re^in unchanoed i 
no c OT pensatin 9 values U are received hv the sUin, dev « 

11 a i«s capable of automatically 
114. Thus, the sizing device 114 is capabl 

, lv eff ective reference values according 
adjusting the presently effective 

i «c it received from the control 
to the compensating values U receive 

device 120. 

. 97 a keyboard 150 is connected 

As shown in Fig. 27, a Keyco 

• • wire 114, so that the presently 
to the automatic sizing device 114, 

* «-v,o «;izina device 114 can oe 
effective reference values of the sizing 

elective desired amounts 

■n„ hv the operator, by desirea 
adjusted manually by tne op . 

j itn The sizing device 114 
entered through the keyboard 150. The 

M n*-iv effective manually entered 
stores in its RAM the presently effect 

. »nd reference values, and transmit 
compensating amounts and referenc 

^ i r^vice 120, when the control 
these data to the control device 

device 120 is ready to receive such data. 

As shown in Fig. 29, the motor controller 115 is 

«■«! to the automatic sizing device 114 
oi PctricallY connected to tne 

electrically The motor 

and the infeed and swing motors 

controller 115 controls the'infeed and swing motors 140. 

n response to commands manually entered through the 
in respuHB<= ■ : nct device 

Aboard 150 and sianals received fro* the 
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usually, one cycle of grinding job performed by 
the grinding machine 110 consists of two or more, grinding 
steps such as a rough grinding, a precision or finish 
grinding, and a final spark-out operation without an 
infeeding action of the grinding wheels 130. The rough 
grinding continues until the residual amounts of infeed of 
the wheels 130 have been reduced to the preset values, and 
the precision or finish grinding continues until the 
diameters of the end journals 128 have become equal to the 
nominal values Ao, that is, until the reference values set 
in the sizing device 114 have been reached. Commonly, the 
preset residual amounts of infeed have been reached at 
different times for the two end journals 128, and therefore 
the signals indicative of the completion of the rough 
grinding for the two end journals 128 are generated from the 
sizing device 114 at different times. In the rough grinding, 

140 is controlled by the motor controller 115 to adjust the 

fh . , v „ 0 f the wheels 130 and 
grinding angle between the axes or oi 

crankshaft 126. in order to assure substantially 
simultaneous completion of the S&*~ ***** <~ «- ~ 
end journals 128. On the other hand, the finish grinding xs 
effected with only the infeed motor 140 operated by the 
motor controller 150 to infeed the wheels 130. but with the 
swing motor 142 held off, since the grinding angle xs 
considered to have been properly adjusted during the rough 
finding. The finish grinding is terminated with the infeed 
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mo tor 140 turned off » the sizing -vice U4 in response to 
the first received signal indicating that - re erence 
value has heen reached for one of the two end ,ournals 
«» finish grinding is W the sparK-out operate. 

section to redact the arrav - — - »» ^ * 

cranKshaft 1*. - — - -" ~ - COntt ° Ued "~ 
the finish grinding. 

The post-process curing device 116 is located 

«i<te of the working line, remote from the 
on the downstream side of tne w 

v in Fin 27. The measuring 
. ... no as shown m Fig. 
grinding machine lio, as 

de vice 11. - -en post-process measuring -a, 
corresponding to the seven iournals US of the ***** 
12 , ^ese measuring heads 1«. — «e - the 

as the in-process measuring — » ^ ^ 

^ - «f fhe around journals l« 
measure the outside dimeters of the gro 

landed from * ^ ^ " 

de vi=e 116 is electrical* connected to an input portion of 

the control device 120. 

X.e worKpiece counter 118 is adapted to count the 
n^r V of the pre-measured worses, i.e.. .round 
^shafts 1. which -st in a Portion of the worKing - 
oetween the grinding machine U0 and the post-p r=e. 
„ing device 11, - -piece counter IIS r-»~ 
output signal of a first Apiece ^ 
,.« limit switch) for detecting the transfer 

v hat t 126 from the machine 110. and the output 
ground crankshaft 126 trom w 
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. ! of a second worKpiece detecting sensor 148 (e.g., 
sl gnal of a seco ^ 
•*„v,\ for detecting the transit 

" 1 y of the pre-measured worses is incremented 
The number « of £irst sensor 

- "* — I J — Apiece U 

146 . a „, — described ^ with 

^ i. second sensor l«. A& 

detected by the represents the 

respect to the first embodiment, the 

■ »»-» ~™ ""■ .„_... ». ~ ~» 

«■« execute a compensating controx 
programs to x Mcted ^ ^ auxiUary „ 

control device 12. « ^ x 

X22. «hich - used to process measuring 

represented by the signals from the post P 

values U determined on the basis o 
device 116, compensating values 

, = x and various other data. The 
the diameter values X, 

stored in the auxiliary memory 122 

operator, after a series of grinding operation. 

or diagnose the grinding conditions. 

A maior portion of the above compensating 

. • ,,,, flow charts of Figs. 30 35. 
routine is illustrated in he ° ^ ^ ^ 

deSCrlbi r 20 :y tftnce to these flow charts, the 
control device 120 by . nMtlng apparatus 

action of the present feedback compensating 



■ ,ortion is constituted by the control device »• 
whose major portion i 

ulll be briefly described. ^ , 

^ control device 120 is a p 

\ of feeding hac* the compensating values U to 
hvb rid control of feed 9 ^ ^ adjust in, or changing 
th e automatic ^ ' with which the outputs of 

th e respective refer-e ^ ^ ^ ^ ^ 

^e two in-process measur^g ^ ^ re£erenoe 

automatic sizing device . ^ ^ wrkpUces in 
val ues - 4 -^ h ^ ^ing values U 

the form of the cran* diame ter values X 

• ^ «n the basis of tne 
are d etermined on ^ ^ ^ w hose 

measured * - post P-e ^ ^ ^ ^ ^ 

measuring accuracy is s ^ ^ ^ the 

thus determined cc^nsating value ^ ^ ^ 

the sizing device 
reference values of . n . proc e S s measuring heads 

comparison of the outputs °^ ^ ^ ^ ^ „ 

U 2 with the adjusted r ^ ^ ^ ^eces. 

ass ure high dimensional ac 

even if the measuring ^ s uch as a 

heads 112 is unstable due feedback 
variation in the operating te ^"^ d M a contro l system 
control can be considered ^ compensa ting values U. 

which receives as an input sign 4ime nsional data 

. n output signal tne 

and produces as an ou ^ ^ ^ whloh 

, 5 representative of the measur ^ ^ by ^ 

has the dead time ■'-J^, betwe en the moments 
number Y. of the pre-measure 
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. f th e input and output signals. It is noted 
of generate of to the 

tha t the reference the final or nominal 

— tln9 0l V :: wot Kin, Portions journals »•> - «- 
aimensrons of t ^ wotk . n9 operatlons 

Apiece (cranKshaft 12 > ^ ^ any 

on the -Un, -ti» _ di _ ions o£ ^ _ in9 

mediate P ^ ^ lnteirupted or 

portions at whrch the ^ ^ „. 

^ 0 " lUy StOPPe w ; rUM condition of the worKpiece, more 
— 4 " * 1 no^nai amount or amounts of 

specifically, a desrr to the 

ln feed of the grinding -heels 130 

jo urnals 128 of the cranKshaft 126 oontrol 

- — ' ^35 1- first described 
routine illustrated in Fig.. ^ ^ ^ ^ the 

referring to the flow chart of F«. • ^ ^ ^ 

the flow chart oj- 
step numbers used m _ charts c f 

., „ eh* step numbers used m tne 
correspond to the P disouss ed later in 

■ Figs. 30-35 which Will » e s ? 

° d6tal1 ' t step indicated in the flow chart of 

lnthe£lISt P 120 read, in the diameter values 

n ,. u. «- — US currently measured by the 

« of the two end ,ourn^ ^ ^ ^ ^ ^ u 
^t-process measuring ^ ^ ? ^ ^ _ sured 

25 implemented to calculat ^ ^ ^ fceen 

dia meter value, , X for - ^ on e. This 

ro easured and which mclude 
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second step is provided to avoid using a suddenly changed 
value X. That is. even if the currently ' obtained diameter 
value X is considerably different fx. the last two or more 
values X, the moving average P obtained in the second step 
will not be considerably changed from the last obtained 
moving average values The moving averages P for the two 
end journals 128 are calculated on the basis of the diameter, 
values X stored in a data memory of the RAM of the control 
device 120 and the currently measured diameter values X 

received in the first step. 

The control flow then goes to the third step to 
adjust the moving averages P calculated in the second step, 
as described below. The fourth step is then implemented to 

^ ~ a**-* error values R and first 
calculate, as compensating data, error va 

and second derivatives T and D of the error values R on the 
basis of the adjusted moving averages P (stored in the data 
me mcry of the WW. The error value R for each end journal 
X28 is a difference between the moving average P and the 
nominal diameter value ,0. The control flow then goes to the 
fifth step to determine by fuzzy inference the provisional 
compensating values » for the two end journals 128. on the 
basis of the compensating data («. » and D) and the number 
of the pre-measured worses (dead time value MS,. The 
sixth step is then implemented to adjust the provisional 
compensating values « to obtain the final compensating 
values U« which assures gradual or smooth compensation or 
adjustment of the reference values cf the automatic sizing 



fry 
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device 112. ^n. the seventh step is implemented « 

hether the absolute value of the fmal 
determine whether the ,. ,, „ „„, 

compensating values U« is smaller than a threshold or n* 
and the step is executed to transmit the compens atr 

values U« to the siting device & 1* - absolute values « 
are not smaller than the threshold. 

„. control device 120 does not determine the 
compensating values U- each time the diameters X of the end 
ls 128 are measured by the post-process measure, 

b-s devices values U* from tune 

to determine or update the compensate values 
to U- on an intermittent basis accordrn, to 

, , and the data memory of the «M of the 
predetermined rule, and the oa 

. device 120 is accordingly updated. 

Although the control device 120 receives th 
' , M y of all the seven journals 128 or 

the crankshaft 126. the values X of only 

principle to determine the compensating values 0 • 

While the flow of the control routine executed » 
[ v, hrieflv described, the 

the control device 120 has been brrefly 

matures of the individual steps as shown ,n ng. 

discussed in detail. 

First , the calculation of the moving averages 

,5 the second step wiU be explained. 

diameter values X (of each end 3 ournal U8, 
„ measured from time to time by the measuring device ^ may 
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have . considerate variation between successively measured 

values. Since it is desirable to avoid using a suddenly 

changed value X. a weighted moving average P is obtained 

fro* the present value X received in the first step and at 

least one previous value X stored in the «M. Generally, 

this moving average P is considered to more accurately 

represent the actual diameter X of the ground Journal 128. 

The moving average Pi is calculated in the 

following manner, as a rule. That is. a predetermined number 

K U2>of the successive* measured values X (including the 

. , •„ ^ B oresent cycle) are used to calculate 
value X obtained in the present cyv.x 

— th according to the following equation 
the moving average Pi according 

(2) , for example: 



b,-4 X.-4 +b.-» X.-3 +b,-« X,-t +b,-, X,-, +b, X, 
Pl = b,-4 +b,-» +b,-i +b,-i +b, 



(2) 



where, i = number of the workpieces measured by the 
measuring device 16 (= number K) 
in the present example, the above equation (2) is 
formulated to calculate the moving average Pi of the five 
successive values X. That is, the number K.is equal to "5", 
and the number i is also equal to "5". 

The values bi _ 4 through b. are weighting 
coefficients corresponding to the five values X. 
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The weighting coefficients b are suitably 
determined in relation to the frequency of noisy component 
waves that should be removed from the measured values X by 
using the moving average (i.e., component waves which cause 
a relatively large variation of the values X) . In the case 
where the number Y of the pre-measured workpieces existing 
between the machine 110 and the measuring device 116 is zero 
«0" or almost constant, the frequency of the noisy component 
wave is not substantially changed. In this case, the 
weighting coefficients b can be determined in the following 
manner : 

To begin with, the following equation (3) is 

prepared such that * x , ...... «s "present angular 

. frequencies of the noisy component waves to be removed from 
the values X. The number of the noisy component waves is 
equal to s. 

( z *- 2 ,cos a> i+l) ( z J;?? cos ». +D • ; ; + ( z ^ » . ♦» , 

— Z T 3 I - 1 " 

= 0 

- (3) 

Then, the values "1" through »a 0 » selected from 

.. n »a " and "1" are 

the values "1", "a^", ' V ' a s-l ' aM 

determined as the weighting coefficients b.^, ^-(s-i)' 

in the case where the number Y of the pre-measured 
workpieces is not always substantially constant, it . is 
unavoidable that the frequency of the noisy component waves 



to be removed from the measured values X by using the moving 
average is likely to change more or less. In this case, 
therefore, it is desirable to determine the weighting 
coefficients in the following manner. That is, the weighting 
coefficients b increase substantially linearly in the order 
in which the corresponding measured values X are measured, 
as indicated in Fig. 37. According to this method, the 
weighting coefficient bi for the presently measured value X 
is the largest. This method makes it possible to eliminate 
low-frequency noisy component waves over a relatively wide 
range, from the measured values X, and the calculated moving 
average P is less likely to be influenced by the noisy 

component waves. 

in the above case, the gradient of the linear 
increase of the weighting coefficient b is determined so as 
to best suit a standard condition in which the number Y of 
the pre-measured workpieces changes. For instance, the 

k h b and b. are determined to 
coefficients b i-4 , b^, b._ 2 , ^.j. ana 

be 1, 2, 3, 4 and 5, respectively. However, this manner of 
determination of the weighting coefficient b causes the 
obtained moving average P to vibrate with the measured 
values X, if the vibration level of the measured values X is 
relatively high. The vibration level is interpreted to mean 
a magnitude of periodic variation of the measured values X 
as the number i of the measured workpieces increases. In 
this case, the obtained moving average P does not accurately 
represent the actual tendency of change in the diameter 
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values 0£ «- »»• » «- vib - tion ievei of ; 

raeas ured values X is restively low. the moving average is 
UKely to be less responsive to the chance in the measured 

values X. 

m the light of the above background, the present 
thi rd embodiment is arranged to automatically change the 
gra dient of increase of the weighting coefficients b as 
needed, for automatic adaptation to the vibration level of 

the measured values X. 

Described more specifically, a provisional value 

nm p is calculated using the last used 
of the moving average P is caicu 

weighting coefficients b. and differences between 
gently calculated provisional value of the movin, average 
, and the individual measured values X used to obtain the 

• • , „alue are summed to determine the vibration 
provisional value are ™ 

. . rt „ lMt used coefficients b) of the 
level (with respect to the last use 

..n n n If the determined vibration 
measured values X in question. ,..,.«« 
le vel is equal to or lower than an upper limit A the 

atf praae P is determined as 
provisional value of the moving average 

i . T f the vibration level is 
the final or effective value. If the vi 
^ her than the u P .r limit , the weighting coefficients 
« incremented or decremented between the highest d 

rates as schematically shown in Fig. 38, 
lowest increase rates, as 

^ the vibration level is reduced below the * » 
A .he weighting coefficients b at this time are used as the 
tfective coefficients for calculating the final value o 
Tmoving average , Consequently, when the vibration level 
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i„« y is relatively high, the gradient of 
of the measured values X is reia^xvex* 

o of the coefficients b is accordingly small, 
linear increase of tne coetixw 

and the influence of the currently measured value X on the 
moving average P is reduced, whereby the moving average P 
becomes less responsive to the currently measured value X. 

the vibration level is relatively low, on the other 
hand, the gradient of linear increase of the coefficients b 
is accordingly large, and the influence of the currently 
me asured value X on the moving . average P is increased, 

,. nfl avera ae P becomes more responsive to the 
whereby the moving average r 

currently measured value X. 

However, the vibration level of the measured 
values X may not be reduced below the upper limit » even if 
• the weighting coefficients b are changed between the highest 
and lowest increase rates as indicated in Fig. 38. In thx. 
case, the weighting coefficients b which caused the lowest 
vibration level during changing of the coefficients b are 
used as the effective coefficients for calculating the final 

moving average P. 

While the method of calculating the moving 

averages P has been described, the method if practiced as 

described above would not capable of calculating the moving 

averages , until the number of the values X which have been 

measured ,the presently measured value and the ^s stored 

* *-h* RAM of the control device 120) has 
in the data memory of the RAM or 

, to ,. K .. m this Period, neither the error 
become equal to K • m . 

lna5 in nor the compensating values 
values R and derivative values T nor tne 
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„ can be calculated, and a relatively long time is retired 
to calculate the compensating values U. In Fig. 39 as veil 
as in Fi,s. 40 ana 41 referred to below, the values 
indicated in relatively left portions of the fibres are 
Otained prior to the values indicated in relatively right 
portions of the figures. That is, the number i of the 
measured worKpieces increases in the direction from left to 

right as seen in Fig. 39. 

in the present embodiment, however, the moving 
averages P are calculated according to a special averaging 
me thod different from the normally used method, until the 
number of the values X which have been measured has become 
equal to "K" ("5" in the case of Fig. 39). 

As the special averaging method, there are 

*.u namelv a substitution method and a 
available two methods, namely, a ^ 

*.u~a which will be described, 
sub-averaging method, whicn win 

™«4-horf is to substitute the 
The substitution method is to 

currently measured value X ^for the moving average P to be 
obtained in the present cycle, as indicated in rig. 40. if 
the calculation of the moving average P is ^Possible, that 
ls , until the number of the measured values X has become 
equ al to "K" - This substitution method is based on the fact 
that the currently measured value X is by nature close to 
the moving average P to be obtained according to the 
normally used method. The calculation of the moving average 
P according to the substitution method will be referred to 
as "substitution averaging mode". 
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for the moving 
The substitution averaging mode for 

, k, for all the measured values X, from 
— E -t values X until the total 

nutt ber of the measured values X has ^ 

However, this is not des ^ ^ ^ 

Namely, the accuracy of a 

■ „, a certain , number of the moving averages 
basis, of a values 
iowered with an increase in the rat ^ 

— f ° r the r: r— * ~ 

^Tr^t f,: measured values X were used as 
instance, if the n)mber r ^ ^ 

►>,. first four moving averages P where 

the f«t derlva tive T determined from the 

to ,.5... the accuracy of the ^ 
first five moving averages S «°ui 

reliable. - preferable to 

to solve the above problem, it is P 

ter Z of the measured values X which 
Italt the maximum number 2 of t ^ 
^ used as the moving averages p. In the 
u ng. ,0 where the number l is -5-. the maximum 
example of Pig- ^ ^ values 

num ber Z is egual to 3 ^ ^ ^ 

, B US ed to calculate tne u 

the first measured value X cannot be used 
example, however, the st ^ ^ ^ 

as the moving average P. and ^ x 

calculated even when the number of 
available has become equal to "5". 
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. d the sub-averaging method uses 

on the othe : I:- a — 

auxiliary equations nujnber is 

•<v" For instance, «h 
seller than K • £Qur value s X are 

mo vin, average from three ^ ^ ^ x 

selM - — «J^ 1B- val ue X an* va.e or 
c-^^'^ir^,. The caUuUUon 

^ X lavera,^ — -U * — " 

according to this sue sub -averagmg 

mrtde « An example of tnis 
as -sub-averaging mode . . which the 

«; is illustrated in Fig. 
roe thod where K « (4 _ 4) correS ponding 

Allowing four equations ^ ^ used: 

to four numbers of the measured 



Number of 
values X 



1 
2 



P", «x. 



P» = 
P* = 
P. = 



d,.« Xj-tj^iJLiJ — 

"5C.-3 + e 1-1 

e i-3 A 1 _ ■ 

e i-3 + ei ! 



(4-4) 



15 



41 the moving 

according to the 



- 118 - 



„h.r of the measured values X 
be calculated when the number ^of 

available has become eo^al to ^ ^ 

r„ the present embodiment, 

veraoe P according to the special 

movina average r 
calculating the moving ^ ^ ^ n spe cial averaging 

averaging method (herein re ^ r ^ ^ ^ SPECIAL AVERAGING 
function") is enabled or dis AVERAGING 

, , nter6 d by the operator. If this 
command entered ^ subst itution averaging mode 

command is present, ei eleCte d by the operator. 

Therefore, either SUB-AVERAGING command 

th e substitution averaging — . ^ ^ 

selecting the sub-averaging mode 

«. SPECIAL AVERAGING command is present, 
while the SPECIAL averages p in 

Then, the adjustment o£ t 

. r.f Fig 36 will be explained. 
th e third step of ^ cmtnl devlce 

" " "TaT of .-in, wheels UO is 
U0 15 °~Z 'J- - - diameters of onlv the two end 

j ° U I lues U to adjust the reference vaiues set in 

compensating values deterni „ed on the basis 

the automatic siting device ^ ^ ^ 

o£ the measured di*^ * - J ^ 126 
128 , the dimensional accur ^ ^ ^ 

„ould not be sufficiently uniform or 



5 



j ^ 1S tview of the above drawbac K the r se« = 
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mo vin, averages P of the two end Journals 128. on the 
assumption that the diameters (i.e.. moving average values 
, r of the seven journals 128 at different axial positions 11 
through 7J of the crankshaft 126 linearly change as a 
function of the axial distance of the journals 128 as 
ra easured fro. one of the end journals 128 .first or seventh 
jaurnal), as schematically indicated in the graph of F«. 
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For the above adjustment of the moving averages P 
of the two end journals 128, the following equation (5) is 
used, for example: 



S (x-x') (P-P'>_ . (x _ x , ) +P ' 



(5) 



y "" S(x-x') 4 
- where, x = values (1 through. 7) identifying the seven 
journals 128 

x . = average of the seven values x of the seven 
journals 128 
y = adjusted moving average P for each value x 
P = calculated moving average P (before the 

adjustment) for each value x 
P . = average of the seven calculated moving 
averages P 

For instance, the adjusted moving average yl of 
the first journal 128 is obtained by inserting "V as the 
value x in the above eguation <5>. and the adjusted moving 
average y7 of the seventh journal 128 is obtained by 
inserting "7" as the value x. 
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X» the Present embodiment, the function o£ 
adjusting the calculated moving averages P is enabled or 

disabled by the operator. 

WHUe the presen} embodiment is adapted to ad t 
th e calculated moving averages P of the end journals 123, 

, « v used to calculate the moving 
the two measured values X used t 

averages P may be similarly adjusted. 

Then, the manner of obtaining the compensate 

d ata in the fourth step of » -U - — ' 

M described above, the compensate data elude 

„ also the first and second 
not only the error values R but also 

...in* r is one form of tne 
derivatives T. and D. The error value * 

, ™r of the ground workpiece (crankshaft 126) , 
dimension^ error of the , ^ ^ miille „ 

while the first derivative T is on 

■ndicative of the tendency of change in the 
parameter indicative d ^ ^ 

dimensional error. Further, the 

fotin of a variable or parameter indicative of the tenden y 
ore;:; in - tendency of change in the dimensional 



error. 



m =nrt r> are used in addition to the 
The parameters T and D are us 

- — - - — - — 

* first and second derivatives 
th e use of the f irs ^ ^ ^ ^ 

mo re accurate or exact iccK «V 
condition of the machine 311 osed 

^oved accuracy of adjustment of the referent a ue 
by the automatic sizing device U4. as compared with 
of only the error values R. 
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^e will * expUined the Ration of the 

flrst derivative T ^ t o£ ^ 

as a rule, tne u- i0 

* = first order 
. ^ « n the basis of a tirst 
w is determined on tne 
valUS „, to a predetermined number L 

determination is based regreS sion line, 

.lues . — almost « • - -JV workpleoes . 

« in the number i of tne raca. 
with an increase in the num* _ ^ 

i0 ° line ' Session Une is .. - e^ple, 

gr adient (rad.an, of the , ^ ^ 

the first order regression Une x> 
following equation (6): 

y= Z (X-X' )* 

here x = nu^er (I) of the measured worKpieces 
where, x - is equal 

x , . average of values « (whose number 

, . Suited error value K for each value , 
R . calculated error value (before the 
adjustment) for each value x 
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R , = average of the calculated error values R 
(whose number is equal to U 

. t is calculated 

■• Then, the fix* derive t 

according to the following formula (7): 

E (x-x' ) (R-R' > ni 

i (x-x' ) ' 

As in the calculation of the moving averages P 
et hod if Practioed as described above 

however ' T tir -LI. - — e T until 

WO uld not be =«ab J ^ ^ _ wal 

the number of the error 

t0 " L "- ,n view of the above, the .resent — - 

fas used in the calculation of the 

rn "i.. — — — 

- uhpre the number i« CH 
mt» For instance, where 

SmalUt jons -ermine regression lines where the 

t0 eo.at.ons to ^ ^ ^ , are 

number L is ' q£ the error 

— - -entl, — error 

— ^^Z t v lues * stored in the data 
value R and error value deriV ative T 

• first derivative T is also 

mode to obtain the first 



disabled by the operator. The function is enabled by a 
SPECIAL DIFFERENTIATION command entered by the operator. 

There will next be described the method of 
calculating the second derivative D of the error value R. 

The calculation of the second derivative D is 
similar to that of the first derivative T. That is, the 
second derivative D of the error value R is determined on 
the basis of a first order regression line with respect to a 
predetermined number Q (22) of the first derivative values T 
which consist of the presently calculated value T and at 
least one previously calculated value T stored in the data 
memory. This determination is based on the assumption that 
the first derivative T 5Sa^ almost linearly along the 
regression line, with an increase in the number i of the 
measured workpieces. The second derivative T is obtained as 
the gradient of the regression line, more specifically, as 
tan 6 where the gradient (radian) of the regression line is 
9. 

However, the use of the second derivative D is not 
essential, and the mode to use the second derivative D is 
established by a SECOND DERIVATIVE USE command entered by 

the operator. 

in the present embodiment, a special 

differentiation mode as is available with respect to the 
first derivative T as described above is not available with 
respect to the second derivative D. However, it is possible 
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• , differentiation .ode for the second 
t0 provide the special differ. 

derivative D. ^ calculati0 „ of the 

There will be e *P ^ ^ £ . £( . h step o£ 

compensating value » by fu«y ^««« t ^ the 

Fi9 . 3, m --^ nding upM the dead time value MS 

or number * of P ln detlil . 

ot t he fu»V ^«-"" U o£ the pre . meas ured worKpleces 
^en the number UQ 

( cran*shafts U.. — «~ ^ US changes, it *■ 

- * Fost - prooes \;: a rr,uies . — « 

desirable to chance the y which 

, . n depending upon the 
compensating value 0, P discusse d above. In the 

presents the dead time value MS - ^ ^ ^ ^ 

pr esent J*^,' may „e changed with the dead 

obtain the compensating deS cribed later. 

■ * - - -r^nr^- - « 

HOWeVer ' Tabled and disabled by the operator. 

indicated r: — - «— 

1 i,,- u will be explained. 

the compensating value ol iowing three 

In the Present em— ^ ^ ^ ^ 

fu2iy inference modes are avaUab^ ^ ^ ^ 

onlv the error value B an (2) ^ mode 

25 as input variables for the ^ ^ error value 

in which the second " as a thir d input 
, and the first derivative 



* 
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m third mode in 
• v>i o for the fuzzy inference; and (3) 

V : r Tl - v, lue , ««* — , and a- «- 
r t «. - - *~ — ~ ^ £U " y 

inference. ^ establi shed W the SECOHB 

The second mode is es^ 

d as indicated above, and the third 

DERIVATIVE USE command as inaic 

stablished by a DEAD TIME COMPENSATION con^and. 
mode is established y commands are 

first mode is established when none of these 

PreSent * K w three fuzzy inference modes will 

while the above three 

d only the first node will he expired » 

be di^ssed. only . ^ ^ on 

d e«il hy «ay o £ «-U. since ^ ^ 

comp ensatin g va!ue U „ cal ^ ^ t _ 

basi s of only the error va.ue K and ^ ^ 

For the con.ro, dev. U ^ ^ 

4-v,o read-only memory Ikumj v 
inference, the read on y ^ det ermining the 

stores fuzzy inference data u ^ 

. _ „ bv fuzzy inference. The ruzzy 
compensating value u groups 

dat a indude, ,a, *« — ^ 

. " respect^ 

f _ derive , and va J- * 

CC) .roues of fuzzy rules for defining 
^e^tRd two groups or i ^ mT ,p n sating value 

liwa « derivative T and compensating 
among the error value R, aeri 

or value R, the control device 120 uses 
For the error value egative 
seven fuzzy labels NB (negative big), 



© 10 
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„\ PS (positive small), PM 

NS ^ - i > M ;r Mi l w - — — 

,positiv \;r it- - • — — 

labels Me u-i— - «- ~* ofn ;; ^ error value R , 

F or the first derivative T of the 

■ ,,0 uses five fuKI labels MB, NS. ZO, PS 
tne control device 120 uses descripti on 

- - — increa ;;:rvl. - — - 

£ rom a native value to , ^ - ^ ^ ^ 

functions of these funr l^ ls are 

° f Fl9 ' 4 ' For the compensating value U. the control device 

l2 0 uses the seven ^ ^ Rr 

PB as described above with respect 

„f these seven fu«y labels are 
Th e membership functions of these 

• * m increase in the compensating vai 
inaiMted / n ^e I - reference value set in the 
results in an inc«a- ^ ^ ^ ^ „ 

automatic sizing device . ^ ^ ^ 

increase in the outside diameter f ^ 

v 126 on the other hand, a decrees 

crankshaft 12&- u " reference 
^sating value U results in a -~ » ^ 
value, which in turn results in a decrease 
diameter of the Journals 128. 

wMXe oniy one group of fu«V ng 
t0 effect fu»V inf-nce which perm ts * ^ 
value U to b. determined in some way, 
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«f fuzzy rules, for the 

reason stated ^ 4iameteI values X of the ground 

journals US ^ it ls desl ra*le 

o£ the measured values ^ 
« determine the to the changes * 

oompensating value U ^ ^ order to 

th e error vaxue » and . ^ ^ ^ 

— - ; c ; are ^ due to *. 

of th e grinding machme U.. ^ measured vUues x> 

- -ease in the ^ aocor din, to the 
the compensating value ^ vibratl on level is low 
. £u «y rules adapted for use when 

. the vibration levei 

may t urther deteriora« ^ ^ re£erence 

values X. as a result ^ aooordl ng to the 

val ue of the automatic sising ^ ^ ^ ^ ^ ^ 
thus determined compensate ^ ^ ^ ^ seleo tively 
observation, the two ^ o£ the me asured 

used depending upon th ^ £u „ y 

fhe first group consists 
values X. namely, the rela tively low, so 

me vibration level is 
^es used when the v ^ ^ 

that the compensating . n ^ error 

M rules is 7°^ on the othe r hand the second 

5 value . and ^ rules used when the 

group consist of n g compensating 

, i is relatively high, so tn 
vibration level is reia 
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• A bv the negative fuzzy rules is less 
value U determined by the 

• the error value R and derivative T. 

responsive^to ^^^^ fuzzy rules are indicated in TABLE 

wWle t h e negative £ uzzy ruies are indicated in TABLE ». 

TABLE 9 




TABLE 10 




is as follows: 

IF R = NB and T = MS, THEN U = 
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An exampie of the native fuzzy rules of TABLE 10 

is as- follows: 

IP r = NB and T = NS, THEN U - PS 
As is apparent from these examples, the positive 
and negative fuzzy rules are formulated such that the 
olensatin, values o determined according to the positive 
J* rules are generally larger than those determined 

* „, v rules even when the input 
according to the negative fuzzy rules, 

variables R and T are constant. 

The present embodiment is designed such that when 
the control devioe 1,0 is initially turned on. the group of 

positive fuzzy rules is effective. 

, i„ -ien desianed such that 

The present embodiment is also design 

a ***** the vibration level 
th e positive fuzzy rules are used after the 

of the measured values X has been lowered as a 

Ltion level had been high. The use of the positive fuzz 

. rhe use of the negative fuzzy rules may 
rules following the use or 

increase the vibration level of the measured val.s 
shortly after the use of the positive fuzzy rules. On he 

the use of the negative fuzzy rules for 
other hand, however, the use or . . 

a lon , time will lower the response sp.ed of the 

4. rhe actual change in 
compensate value U with respect to the 

v loading to deterioration of the 
the measured values X, leading 

dimensional accuracy of the ground lournals "" ™ 

se „se. the positive fuzzy rules are used — 

ch e vibration level has been reduced below a given limit. 
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accuracy of the ground journals 128. 

accuracy determination as to 

in the present embodiment, the dete 

^nn level of the measured values X 

rjr i" ~ «- — — 

eA 4 is effected on the basis 
rules should be used is 

• „ „f nb/PB fuzzy rules, which are tne 

posrtxve and negat! ^ ^ ^ 

determination, the RAM ^ . s 

an NB/PB counter. The uxv^c 
CVCLB counter and an »/ ^ ^ ^ 

use d to count the n-fcer of cycies 

„ f «ia 36 (control routine of Figs, 
routine of Fig- of ^ o£ 

wiU he desert. -» — ^ 6 q£ ^ 

tb. fu«V inference operations in tne x«h * 

Th e NB/PB counts is used to count the nu*her of app 

The H»/w» CYCLE counter is 

«f the NB/PB fuzzy rules, me 
or use of tne *d/ 6 is 

„tedeach «. ~ J- « ^ _ . 

predetermined threshoid vaiue B UH . ^ ^ 

v.«*>, 0 r the count of the NB/*» w 
determines whether the c 

• „ threshold value C (smaller than B) . 
predetermined threshol ^ ^ ^ ^ ^ 

count of the NB/PB counter is larg ^ ^ 

, of the measured values X is aerer 
vibration level of the m 

^ The CYCLE counter IS resc 

higher than the threshold. The CYC 
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w hen the exceeds the threshold value and 

While the rationale for using the two groups of 
f uzzy „a- ana the difference between these two groups of 

z ^ ^ . * — -~ concept 

of the ^ »*- -u -;^; uus are formulated so 

The two groups of fuzzy 

„, M value u decreases with not only an 
that the compensating value u 

e in the value of the appropriate fuzzy label for the 
urease in v ^ ^ ^ q£ the 

erro r value R u ^ _ ^ ^ ^ the 

appropriate fuzzy 1^1 ^ ^ ^ T 

value U decreases as the 

inCreaS6 ' oncept is represented in the positive 

The above concept is rep 

curh that when tne 
* -time 9 for example, sucn 
fuzzv rules of TABLE 

tive T is ■»«. the compensating value U decreases in 
derivative « « . „ ns „ ^ „„,,. as 

order of # rL ' „ < G 

1 error value . increases, and when the ~ » 
the value U decreases in the order of - ^ 

Privative T increases in the orae 
»PS" as the derivative 

«Z0» and "PS". £oOTU lated such that 

Further, the fuzzy rules are form 

tlM value U changes toward "0" when the 
the compensating post . pr o=ess measuring 

diameter value X measured by increase s. This 

device U. suddenly or abruptly decreases o cr^ ^ 

„«. is effective to maintain lug* 
arrangement is err measured 
accuracy of the processed worKpieces. when 
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15 



le x U abnormally reauce* or increase due to a 
Val " r dc fect of the in-process measure 

temporary trouble o .„.•„. the currently 

. 112 The instant arrangement maintains the 
device 112- The auto matic sizing device 

established «— « - - ^ „ the 

U4. with the compensate value ln . proc ess 
event of such temporary trouble «ith 

m easuring device 112. ^ ^ ^ £u „ y 

The above arrangement is emu 

f L E , for example, such that the compensate 
rules of TABLE 9, I1NM „ and 

„ - c "zo» when the error value R is NB 
value. U is ZO , wh ^ error R 1S 

when the derivative T is 

„™,. or & and when the derivative T x. ™ - 

J, there will he explained the operation in the 

sixth step of Fig. refe rence values set 

values U* for gradual adjustment of 
in the automatic sizing device 114. 

As mentioned above, it is g 

. . nn of the ground journals 12a 
A n fhe dimension or * 
that the error in the with 

^.h.fts 126 substantially linearly 
o£ the crankshafts Morltpiece s 

an increase in the number ^ ^ 

„ In this respect, it 

(crankshafts 126). COTipe nsatin, value U for 

slowl y or — ; r L ence values of the 
^ gradually or smoothly a**«* 

suing device 112. ^ ^ einbodiment is 

V::: e Provisional compensating values U are 
adapted such that th P ^ ng _ 44 , and 

first calculated as indicated 



then the final compensating value U« is calculated on the 
basis of a first order regression line of a predetermined 
^ M (£2) of the calculated provisional compensating 
values. The regression line is determined on the assumption 
that the provisional compensating values U (whose number xs 
equal to .«-) in=«ase substantially linearly with an 
increase in the number i of the measured workpieces. The 
thus obtained final compensating value «« is fed to the 

automatic sizing device 112. 

For the final compensating value U* is calculated 
according to the following equation (8) , for example: 

' s Cx-x' ) (u-u # > „ . ^- Y - ) + U ' (8) 

y " 2 (x-x' ) 1 

where, x = number i of measured workpieces 

x« = average of the values x (whose number is 
equal to "M" ) 
y = final compensating value U* for each value x 
U = provisional compensating value U for each 
value X 

U. = average of the provisional compensating 
values U (whose number is equal to M ) 
For instance, the final compensating value U* is 

.m« as the value x in the above 
obtained by inserting "i as the 

equation (8). 

The above function of adjusting the provisional 

compensating value U to obtain the final compensating value 
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„. is enabled by a GRADUAL COMPENSATION command entered by 

the operator. 

M example of a series of operations until the 

Una! compensating value U- is obtained in the presence of 

the GRADUAL COMPENSATE co—d is schematically 

iUustrated in Fig. «. I. this figure, the values indicated 

in relatives left portions of the figure are obtained prior 

to the values Indicated in relatively right portions of the 

£i gures. That is, the number i of the measured worKpieces 

increases in the direction from left to right as seen in 

Fi g. 39. It will be apparent from the figure that a f.rst 

rinal compensating value U- is obtained when the number of 

to (K + L + M - 2), Provided the routine of Fig. 36 i. 
initiated without any measured values X stored in the data 
.emory. Thus, a predetermined number of measured values X „ 
reguired to obtain the first final compensating value 

The feature of the seventh step of Fig. 36 wxll 

then be described. 

The thus obtained final compensating value 0* for 

- « reference values of the sizing 

gradual adjustment of the reference 

d evice H4 is transmitted to the sizing device U4 ,n 
eighth step of Fig. 36. However, the transmission m th 
eighth step is omitted if the absolute value of th, 
compensating values U- is smaller than a 

the eighth step is preceded by the seventh step to determine 
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whether the final compensating value U. falls within a 
tolerable range indicated by X in the graph of Fig. 46. 

- There will next be explained the intermittent 

l u briefly mentioned 
determination of the compensating value 

above. 

The reference values used in the automatic .xung 
devi ce 114 for controlling the grinding condition of the 
machine 110 for the end Journals 12. of the crankshaft 1« 
can be continuously adjusted by the compensating value 
which is updated each time the diameter values X of the end 
^ are measured by the post-process measuring devxce 

continuous adjustment of the reference 
116. However, this continuuu 

values or the continuous updating of the compensating value 
U gi ves rise to a problem that the compensating value 
, sh ould be determined for each and every one of the 
^Pieces measured by the measuring device 116. Th.s leads 
t0 a considerable increase in the worK load on the control 

device 120. ..< rH 
To solve the above problem, the present thrrd 

• s,r*<* to effect so-called "intermittent 
0 embodiment is adapted to 

compensation" as described below. 

The concept of the intermittent compensate x. 
schematically illustrated in the graph of Pig 47 which 
sh o„s a variation in the measured error (dimensxonal error 
25 „ o£ th e outside diameter of the Journal US when a 
plurality of worKpieces .crankshafts 126, are present as 
"pre-measured worses" between the grinding machine 
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and the measuring device 116. In the graph, the number * of 
the pre-measured worxpieces (corresponding to the dead time 
value MS explained above, is indicated as "measurement . 
del ay», and Ui and represent the present and next 

compensating values 0. It will be understood that an 
influence of the present compensating value Ui appears on 
the dimensional error R which is measured when a t» 
corresponding to the measurement delay has passed after the 
moment of determination of the present compensating value 
„i. Similarly, an influence of the next compensating value 
0i« appears on the dimensional error measured when the 
measurement delay ti*e has passed after the determination of 
the value Ul + 1. The graph of Fig. 47 is obtained on the 
. assumption that the dimensional error of the worxpieces 
increases substantially linearly with an increase in the 
number i of the measured worxpieces, where the worxpieces 
are ground successively while the reference values used by 
the sizing device 114 for the two end Journals 12. are held 
constant. This assumption also applies to the graphs of 

Figs. 48-51 referred to later. 

For the intermittent* compensation, there are 
available the following two modes as described below. 
I FIRST INTERMITTENT COMPENSATION MODE 

As described above, the automatic sizing device 
ll4 . is connected to the grinding system in which a given 
number V of pre-measured worxpieces are present between the 
grinding machine 110 and the post-process measuring dev.ce 
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workpiece ground with the reference values 

the grinding operation on that 
a£ ter the completxon - * ^ ^ ta 

worKpxece. I. other words^the » P ^ 
measured after so*, number of the P 

have been measured by the device . 116. 
W °T1 -reflect the precede compensating value „ 
Accordingly, to desira ble that 

on the present compensate value Ux, xt x 

„ ^lue Ui -Is determined only alter 
the present compensatxn, value 

at least one workpiece ground accordxn, to 
compensating value U has been measured. ^ 

With the above aspect taken xnto accoun 

f lrs t intermittent compensating mode is adapted, as 
. first 48 as to 

schematically illustrated in the graph of ,x, 

v c „rcessively measured by the aevi 
store diameter values X sucoessx ^ 
1M and determine the present oompensatxn, value ^ 

1 r of the stored measured values X has reached a 
the number of the ^ ^ on tfc . 

predetermined number («>. The ^ ^ 

basis of the predetermined number of the st 
.en or after the first ^J*-*^ ^ _ 
de termined compensating ^ ^ _ured values X is 
, • ~ iifi the data memory to sw* 

device 116, the a there after (which may 

a nd the values X measured thereafter 
cleared, and the va , nriicat ed above) 

, v of the first workpiece indicated a 
include the value X of the compen sating 
are successively stored to determine the next 

value Ui+1- 
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In one form of the first intermittent compensation 
mo de. there exists a compensate interval between the 
moments of .termination an* transmission of th, ^resent - 
next compensating values Ui an, ~ « - 

♦ interval, the compensating value U u not 
compensating interv ^ ^ ^ 

updated, and the corresponding referen 

• device 114 remains unchanged. This form 
sizing device j-j--* 

t-hat there exists a 
<e hased on the concept tnat 
compensation is basea on 

between the number 1 or tne 
proportional relationship between 

„ ^£S*£e and the dimensional error R of the 
measured i*M*p*eee anu oreS ent 

to this concept, the present 
Pieces. — , « ^ ^ _ asauna 

compensating value Ui is 

value „ is updated so that the dimensional errors . of 
value ^ updated compensatin g 

workpieces influenced by the pres 
value Ui are eventually zeroed as a whole. 

value ui (u intermittent 
However, the above form of the first 

„. suffers from a drawback that the moment of 
compensating mcde suffers detera lned 
■ , t w of the compensating value Ui is 

::rr r — - - — — d v r s * 

1 active of an actual change in the measured values , 
^ mav lead tc inadeguate timing of adjustment of 
reference value of the sizing device 114. 

T o solve the above drawback, a second form of th 

is adapted such that it 
£irst intermittent compensate g - J * _ 

the determined compensating value ^ 
„ falls within a tolerable range as d s=r 
reference to ng. 46. the compensating value Ui 
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. ,u and the determination is deferred 
t0 the sisin, 11 ' ^ x ha ve been stored. 

untll s ome addition. - . ^ ^ ^ ^ 

This f 0 rm assure compensatlM value „i is 

- R ~ ^second form - - «~ 

However, ^ adjustln , 

intermittent compensate mode i ^ ^ 

„ a1ue of the sizing aevic 
the Terence va* ^ ^ , „ hloh taKes 

response to a and transmission o £ 

pl a=e snort* afte* ^ ^ ^ portlon 

the compensating val ^ ^ ^ a ohange 

o£ the compensating inter sutsequeot iy stored in 

ls reflected on the measured values ^ 

a therefore rerxe^^ 
the data memory, an dimensional 

iup ui+1. Thus, a change 
compensate value Mtion o£ the compensate 

eIIOt r shortly after ^ ^ ^ oompensat in, 

val ue Ui cannot be transnitted to the sizing 

value is determined ^ fee 

. 114 Therefore, the dimensional 
device U4. Th su£ficien tW high response, 

.educed toward *er= , wit^ ^ ^ to a 

TfUst intermittent compensating mode, in 
third form of the first i determlnati on of ui as 

which primary compensation • • . ^ f ^ is 

, indicated in Fig. 48) according ^ schein atically 

.iiiarv compensation, as 
followed by auxiliary -The auxiliary 

,h. graph of rig- 
illustrated in the gr P 
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«■« deal with a change in the 
pffective to uca^ 
compensation is e completion 
i * v which occurs shortly ai«* 

To acniev^ j.,, it . a 116 are 

* bv the measuring 4« lce 
values X measured J ^ ^ and a pro visional 

SU0CeSSlVelY irr W U determined when the number - the 
compensating value p predetermined 

, „ v has become equal to * f 
stored measured values * « _ ^ ^ of 

value. The provisional ^ J ^ values x ls ^ as a 
the predetermined number of the 

" Ml C0mPen5atln9 ,T a 1 ;; Compensation rollowins the pr^ y 
" e . aUX d to continue storin, the measured 

Trnid-le a Proviso compensating Up 
values X, ana basis of a 

. marv compensation, on tne 

" " " "Ir ,»2, o £ the measured values X when each 
predetermined number «.» . ^ ^ 116 , 

around worKpiece is me primary 

compensation is competed e.^. ^ ^ ^ ^ or 
primary compensation is =omP . ^ ^ 
when the measurement of ^ inf iuenced by 

recedes the first worKpiece sub^ec ^ 

auxiliary compensation ^ con tinued until 

primary compensation is complete . 
the worKpiece immediately precede 
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influe nced hy the compensation has ~ 

The a—- — ional compensating value Up -f - 
Hilary conation is subtracted *- «" ^ 
ting value Uf of the primary compensation, and the 

comp ensating 

thus obtained difference is used 
value Uf of the auxiliary compensation. 

in the auxiliary compensation, therefore, the 

Hna value Up as determined in the same 
provisional compensating value up 

er as in the primary compensation is not sent to the 
m anner as in t P ^ Qf ^ 

automatic sizing device n«. anxi iiarY 
• , values up of the primary and auxiliary 
provisional values up . ... for the 

-An applied to the sizing device 114, for 
compensations is appliea 

reason described helow. ^ ^ rf 

is explained above, the provi 

• i= taised on the values X measured 
auxiliary compensation is based on 
the auxins* v primary 

first workpiece influenced by the P 
be£ ore the « r ^ ^ 

compensation is m su« V 

u the it* J— - - — 

TT o ' — . and the reference 

value Of of th P ^ ^ ^ primary 

va lues for the — ^L nMd or adj usted by the 
compensation would be again ^ 
provisional ^sating value Up o ^ 

compensation, without considering « . -fl- ^ 

primary compensation. — gly on * ^ 

th e provisional compensation valu^ 

compensation from the final compensation 
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as the final compensating value Of of 

auxiliary compensation, which is appn 
6 U Lore the fir* v-Kpiece infiuence* hy the 

^ tuo or mote 

— » - ' nw foUo „ the ptlna ry 

— T o of inlmittent competing 

cycles, the pro compensating 

,. nn rvcle is compared witn 
compensating cycle determin e the final 

value Of of the primary compensation 

, „ h auxiliary compensation cycle, 
value Uf of each auxin*"-* 
compensating value intermittent 
in the third form of the 

^ in vhich the auxiliary compensation 
compensating mode m the auxili ary compensation 

fol lows the primary compensation, the auxil Y 

nr 4 marv compensation in 
cycle allowing the pr»« ^ a 

intermittent compensating cycle may P 

^ the commencement oi w« 

moment immediately hefore 
primary compensation. This arrangement give 

wo rK ioa* to the ^ by providin g a 

^ ^le T : -hich the n^r of the 
sultib le maximun numher S ^ 
Miliary compensation gfr. - * ^ ^ 

compensation is termm ^ 

° £ ^ - cement, the moment of 

predetermined value. with 

„f the auxiliary compensation 
termination of tne 
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„ t of termination of the corresponding 
respect to the moment of term 

, on and an unexpected change in the 
primary compensation, ana an 

nrrU r after the termination of the 
measured values X may occur 

.•on and before the commencement of the 
auxiliary compensation and befo 

next intermittent compensation cycle (next primary 
, on) Theref ore, the arrangement is not necessarily 
compensation). ^ such change in the 

satisfactory to adequately 

£lrst au.iU.rv sensation ^ is not applied * 

. ,1 a if the value Uf falls within a 

— * ^ eTahl h, reference to « 

arable «, - - M Mrmai compensation 

• - — — — 

value Uf determined in a sucseq 
compensating value ui 

„ 1p ls S ent to the sizing device 



range 



™nt is still unsatisfactory in 
The above arrangement is 

in terms of the tiding of the primary and 
seme situates. m te- ^ ^ _ ^ ^ 

auxiliary compensations relate arrangement in 
th e measured values X. Xn this respect, the ^ 

^estion may he improved if rifled as follow 

the final compensating values 
j *«v^n the number of tne ^" OA 

modified form, tne nui _ cat i on cycles 

. „ 4n a series of auxiliary compensation cy 
Uf obtained in a series. 
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t a following ea*h primary cessation is counted, 
executed follows compensation 
the final compensating vaXues 

«ries of auxiliary compensation cycles 
and the series to , 

„ fhe counted number has 
up when the c substa ntially zero or 

predetermined value « e^ 

is terminated. U ^ compensation 

thi ; ln r; - - — — -~~ in teOTs of 

cycles so far wou t<J 

th e timing of implementation. I this e ^ 

_r the values Uf or 
oount the number of he ^ 

compensation cycles is reset, 

are implemented, 
compensation cycle, are amp mmDens ating mode is 

When the first intermittent compensati 

, the present embodiment, the control device 120 
selected m the presen ^ £lrst 

, a tn one of two operating states, nan. 
is placed in one 01 effected as 

• „-,.>, onlv the primary compensation is er 
state in which only ^ the 

.. - <„ Fio 48, and a second state in 
indicated in Fi,. 4 ^ oompen sation are 

primary compensation ^ ^ second 

effeCtSd " e^r: shushed, a co^and entered by 
st ates are -Actively ^ ^ fey a „ 

th e operator. Hamely. the seco ^ ^ ^ 

AUXILIARY --"-r;^ — is not 

established when the AUXILIARY 

PieSent ' „ the auxiliary compensation cycle is 

Further, the ^ 

either executed once or repeated two 
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each primary compensation, depending upon a command also 

entered by the operator. 

When the auxiliary compensation cycle is repeated, 
the tolerable range as described above may or may not be 
pI ovided to determine whether the final compensating value 
„ £ obtained in the first auxiliary compensation cycle should 
be sent to the sising device 114 or not. The tolerable range 
is provided when a TOLERABLE RANGE =»a»d entered by the 

CCPEHSATIOH CYCLING co^and also entered by the 
present. In the latter case, the auxiliary co.pensat.on 
cycle is repeated a predetermined number of times, and the 
compensating value Uf determined in each cycle is sent to 
• ,,i irrespective of whether the value Uf 
, the sizing device 114, irresperci 

is within the tolerable range or not. 

H SECOND INTERMITTENT COMPENSATING MODE 

In the first intermittent compensation mode, the 
values X used for the compensation (primary compensation, 
are not measured and stored Mediately after the 
termination of the compensating value Ui. until the first 
WO rKpiece influenced by the compensating value „l has bee 
measured by the measuring device US. « ^e !S 
measurement delay corresponding to the -~ * * * 
^-measured worKpieces between the grinding, machine U. - 
he measuring device US. Conseguently. the compens - 
nerval between the moments of determination of the pr se« 
and next compensating values Ui and „1« U a sum of 
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t delay time (dead time value MS. and the time 

: n . *— — - -r r:: 

x Therefore, the compensating Interval tends to be 

. ,, rlv where the grinding system is 
datively long, par icuU^ « ^ ^ ^ 

adap ted to have a relati ^ ^ 

wortpieces between the machine 

U6 ' The second intermittent compensating mode is 

. . j to solve the above drawbacK of the first 
provided to second mode _ 

intermittent compensating mode. In . 

• ,w illustrated in the graph of Pig- 50, the 
as schematically ill- ^ ^ ^ _ ^ 

compensating value Ui is 

• the first intermittent compensating mcrfe, namely. 
" 1 s predetermined number of values X measured by 

' ^ I d i=e Ui. -n. the next compensating value 

the measure, device ^ ^ ^ ^ 

ultl is determined on the basis 

• „ in an intermediate period after 

are obtained m a ^ ^ £or 

Mediately following the moment of determination 
example, immediately inteOT ediate period 

of the first compensating value 0. This in 

„t at which the measurement of the 
end s around the moment at whi rokplec! 
worKpiece immediately preceding the ^ 

in£ luenoed by the first ^ or after the 

a t a time when or shortly oeroi. 
that is, ends at a tin. specific 
measurement in guestion is completed^ < > ^ ^ 

, of Fia 50, the intermediate perio 
example of Fig. completed. During 

moment when the measurement in question 
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this intermediate period, the values X of the workpieces 
involved are measured by the measuring device 116, and 
stored and counted. Each time the workpiece is measured, a 
value X of that workpiece which would be measured if the 
workpiece were ground under the influence of the first 
compensating value Ui is estimated on the basis of the first 
compensating value Ui and the actually measured value X. 
Each estimated value X obtained during the intermediate 
period is stored as if it were a measured value X obtained 
without a measurement delay. The next compensating value 
Ui+1 is determined based on a predetermined numier of the 
estimated values X obtained during the intermediate period. 
In one form of estimation of the values X during the 
intermediate period, the first compensating value Ui rs 
" added to each actually measured value X to obtain each 
estimated value X. In other words, the values X measured 
during the intermediate period for determining the next 
compensating value ui*l are changed by the amount equal to 
the first determined compensating value Ui. 

in this second intermittent compensating mode, 
too, auxiliary compensation as described with respect to the 
first intermittent compensation mode is available following 
each primary compensation, as indicated in the graph of Frg. 
51. The number of the auxiliary compensation cycles may be 
suitably limited. Further, the tolerable range may or may 
not be used for the primary and auxiliary compensation 



cycles. 



- 148 - 



The first and second intermittent compensating 
modes, are selective* estabUshed. Hamely. the second mode 
i. selected when an X-SHIFT coorcand entered by the operator 
ls present. When this X-SHIFT co^nand is not present, the 

first mode is selected. 

in connection with the technique of estimating the 
rae asured values X in the second intermittent compensating 
rao de, it is noted that most of the values X measured during 

neriod following the determination of the 
the intermittent period 

hi in the second intermittent 
last compensating value Ui m the 

mod e are influenced by the preceding 
compensating mode are 

ni'-i but not influenced by the last 
compensating value Ui-1, but n 

• ,i M Ui The estimated values X are obtained 
compensating value Ui. Tne e . 
on the measured values X and the present compensate value 
01 . as if these estimated values X were influenced by the 
U-t compensate value Ui. However, this technic may he 
applied to the standard compensation in which compensate 
valu es U are continuously determined, namely, a compensate 
val ue 0 is obtained when the value X of each worKpiece is 

meaSUrSd ' When there are any pre-measured worses between 
the machine 110 and the measuring device US, the standard 

a Hi. intermittent compensation are similar 
compensation and the intermit 

influenced by the last determined 
in that the workpieces influenced oy 

*. v>» actually measured 
>. „ rralue Ui cannot be accuau-y 
compensating value ui 

* nodna the determination of the last 
immediately following the 

i - in To obtain the next compensating value 
compensating value Ui. To odmi 
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influence of the last compensating 
iii+i which reflects an influence or 

statistical technique based on 
value ^ therefore, some statisti 

• «.« or simulation tests may be utilized, 
experiments or sim ^ ^ ^ ^ q£ 

estimation technique described a* 

^•u-- e 4-afristical technique. 
« U — to this st^ ^ ^ Miationship 

There will next 

v, somatic adjustment or compensation of 
between the automatic a 

■ oe of the automatic sizing device * 
reference values of tne au 

• 120 and the manual adjustment or 
control device 120, ana 

. ,ah the keyboard 150 by the operator, 
compensation through the key automa tic 

ntrnl device 120 controls tne 
The control aevic« 

• 114 such that the manual adjustment of the 
sizing device 114 such automa tic 

• ■ device 114 is predominant over 
sizing device ... ., adapted to 

control device 120 is aaap^e 

— a W nt 
assure high accuracy Descr ibed more 

m anual adjustment of the ^ 

, i Ml of the sizing devlce 11 
journals US, of ^ ^ 

«»■«» comwnd. If 

the ^t. i. -;7^;;;r: _ nd ls 

by reference to the no- chart - «. • ^ 

pr esent. the automatic '^a ^ and stored - * 

— X ° f ^ ^Trel - automatic adjustment, 
calculation data memory to resume 

{e a., immediately after) the Iir 
starting after (e.g.. 114 

influenced hy the manual adjustment of the 




- 150 - 



, „ rtP basis of the thus measured values 
has been measured. On the. basis or 

x che compensate value U is determined b y the control 
alvice UO. in other words, the automatic adjustment « 
rested on the basis of the values X o £ the worses 
influenced by the manual adjustment. This "-cement - 
de sirable when the 9 rindin, system is adapted to have 
^-measured worKpieces between the machine 110 and * 
easurinc device US. « the automatic adjustmen by ^ 
co ntrol device 120 were effected partially or totally bas^ 
on the measured values X o t the worKpieces not influenced >y 
the manual adjustment, the accuracy of the compensat e, 
Le , determined in the automatic adjustment shortly after 
the manual adjustment may-ne^be low. 

!„ the present embodiment, the control device 120 
checKs to see if the COMPENSATION command is present 

or not, when the automatic compensation routine of , • 

is initiated and Just before each compensate value .ux 
is liutiau above 

.v^ estzinq device 114* ine 
allied to the automatic sizing 

applied automa tic compensation 

^ Hofore the routine is started, 
was entered) before tne r 

^ flow charts of Figs. 30-35, tnere 

Referring to the flow on 

wiU be discussed in detail the compensate routine ^ . 
the features which have been explained by reference to „. 
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initially, step S21 of Fig. 30A is implemented to 
read- in from the auxiliary memory 122 various manually 
entered parameters in the form of numerical values and 
control commands necessary to execute the compensating 
routine. The numerical values include initial values of the 
weighting coefficients b for obtaining the moving average P; 
a value representative of the maximum number Z of the 
measured values X usable as the ,»ovin, average values P to 
obtain one first derivative value I in the -substitution 
averaging methods and a value representative of the maximum 
number S of repetition (which will be described with respect 
to step Slit) of the auxiliary compensation cycles following 
the primary compensation. The commands also represented by 
■ the manually entered parameters include the SPECIAL 

. „ cbt-p command, GRADUAL COMPENSATION 
AVERAGING command, X-SHItl commu~i 

command, SPECIAL DIFFERENTIATION command, AUXILIARY 
COMPENSATION command, and other commands entered by the 
operator . 

Step S21 is followed by S22 to determine whether 

• •„„ Hovire 114 has the function of 
the automatic sizing device 11* 

transmitting from its RAM to the control device 120 
currently effective manual compensating values entered 
through the keyboard 150, and the reference values of the 
sizing device 114 as adjusted by these manual compensating 
values. As explained above, the reference values indicates 
the in-feed amounts of the grinding wheels 130 with respect 
to the two end journals 128. If the grinding system in 
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«. v,* ve this function, the manual 

i_ • ~~ rinf»s not nave 
question does nui. 

ompensating values a nd the .late, -e.ee ^ 
stor ed only in the « - the device 114, an, the d ~ U4 
is not capable of positively transmitting these data to 

control device 120. ^ 
For illustrative purpose, it is assum 

• • device 114 in this present embodiment has the above 

is . on (YES . ndicated 

function. Therefore, an affirmative 

»v«i «y» being also used for 
as « Y « in Fig. 30A, the same symbol Y being 

. • steps) is obtained in step S22, and the 
the other decision steps) is od 

, to step S23 in which the control device 
control flow goes to step _ 

, the currentlv effective manually 
signals indicative of the curren . 

, fnr the two end journals 128. The 
adiusted reference values for the two 

120 and also in the auxiliary memory 122- 

Step S2 3 is followed „y step «« to determine 
whether a „y manual oo^nsatin, values have ~ entered or 

• < c Pffected based on the state or 
not. This determination is effect ^ 

„ COMPENSATION flag provided in the RAM 

„ • 114 if a negative decision (NO indicated as 
device 114. If a n g Qther 

P < 0 30A the same symbol being also used 

• S24 the control flow goes 

steps) is obtained in step S24, 

* S28 of Fig. 30B which will be described. If 
directly to step S28 of Fig 

an affirmative decision (YES) is obtained in step S24, P 
anaffirmat effective manual 

S25 is implemented to receive 

(f or the two end journals 128) 
compensating values (for 
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transmitted from the sizing device 114. The received data 
are stored in the RAM of the centre! device 120 and the 
auxiliary memory 122. Step S25 is followed by step S26 to 
clear the calculation data memory of the control device 120. 
Then, the control flow goes to step S28. 

If the sizing device 114 were not provided with 
the function of transmitting the manual compensating data to 
the control device 120, a negative decision (HO, is obtained 
in step S22. and step S27 is implemented whereby the control 
device 120 is enabled to positively read in from the HAM of 
the sizing device 114 the currently effective reference 
values. These reference values are stored in the RAM of the 
centre! device 120 and in the auxiliary memory 122. 

There will be described the purposes of the 
centre! device 120 of storing the currently effective manual 
compensating vaiues and the corresponding reference values 
currently set in the automatic sizing device 114. 

-rf .-h. control device 120 to store the 

The purpose of the com^ux 

currently effective reference values win be first 
described. 

A s explained above, the control dev 1C e 120 i. 
adapted to automatically determine the compensating values u 
by which the current* effective reference values of the 
sizing device U4 are ad 3 usted or changed, on the other 

• • ^vice 114 adjusts the reference values 
hand, the sizing device in a j 

-<nr, values U received from tne 
according to the compensating values 

, • 190 However, the sizing device 114 has a 
control device 120. However, 
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permissible ranoe of the reference values. That is. the 

machine 110 and is adapted to be stopped, if the reference 
va lues are outside the permissible ranoe. Therefore, the 
control device 120 is adapted to inhibit the application or 
transmission of the automatic compensate values U to the 
sUin, device 114. if the reference values as adjusted by 
th e compensate values » do not fall within the permissible 

currently effective reference values of the sisin, device 
U4 a s determined by the manually entered compensate 

inhibit the transmission of the 
values. The operation to inhibit tne 

automatic compensate values U is performed by a 

ro utine. which is not shown as the understanding of this 

■ • = not essential to understand the principle of the 
routine is not essential 

present invention. 

Then, the purpose of the control device 120 to 
store the manually entered compensate values will be 

described. 

As described above, when the X-SHIFT command 

.h= oalues X which would reflect 
entered by the operator, the values 

the reference value as adjusted by the last compensate 
va lue 01 are estimated on the basis of the values X of he 
^Pieces which are measured by the measure dev.ce 
ai ter the application of the last compensate value ux *t 
whi ch have not been influenced by the last compensate 
va lue Ui. >s also described above, the estimated values X 
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are obtained by adding the last automatic compensating value 
Ui to the aotuaUy measured values X. when a manual 
compensating value is entered by the operator, however, the 
estimated values X are obtained by adding the manual 
compensating value to the actually measured values X, so 
that the estimated values X reflect the manual compensating 
value. For this purpose, the control device 120 should have 
the data representative of the currently effective, manual 

compensating value. 

irrespective of whether or not the sizing device 
114 has the function of positively transmitting the manual 
compensation data to the control device 120. step S28 is 
implemented to determine whether there are any values X 
measured by the device 116 which have not been received yet 
by the contro! device 120. In this respect, it is noted that 
each worKpiece (crankshaft 126. has the seven journals 128 
whose diameter values X are measured by the measuring devrce 
US if no such measured values X are present, a negative 
decision (NO) is obtained in step S28, and step S29 is 

implemented. # 

Step S29 is identical with step S22 descried 

(ws) is obtained in step 
above. If an affirmative decision (YES) 

c^tj S30 identical with step 
S29 the control flow goes to step sju 

s24 Ascribed above, to determine whether manual 
compensating values have been entered or not. If no manual 
compensating values have been entered, a negative decision 
( », is obtained in step S30, and step 831 is implemented to 
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determine whether any parameters have been entered by the 
operator. If a negative decision (NO. is obtained in step 
S31, the control flow returns to step S28. If an affirmative 
decision (YES) is obtained in step S3!, step S32 is 
implemented to read in the entered parameter or parameters, 
and step S33 is implemented to replace the already stored 
parameters with the newly entered parameter or parameters. 
Step S34 is then implemented to clear the calculation data 
memory, and the control flow returns to step S28. 

If an affirmative decision (YES) is obtained m 
step S30, the control flow goes to step S35 identical with 
step S25, to receive and store the entered manual 
compensating values. Step S35 is followed by step S36 to 
turn on a WOEKPIECE WAIT flag, and step S37 to clear the 

-rv, a n i-he control flow returns to 
calculation data memory. Then, the conrrox 

step S28. 

If the sizing device 114 does not have the 
function of transmitting the manual compensation data to the 
control device 120. a negative decision (HO, is obtained a 
step S29, and step S38 is implemented to read in and store 
the currently effective reference values of the sizing 
device 114. Step S38 is followed by step S39 to read in the 
reference values stored in the auxiliary memory 122. Then, 
st ep S40 is implemented to determine whether the currently 
effective reference values are different from the reference 
values stored in the auxiliary memory 122, namely, whether 
the reference values of the sizing device 114 have been 
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„ „ or not Thus, a change in the currently effective 

changed or not. luuo ' 

, = of the device 114 can be detected by the 
reference values of the devic 

transmitting the manual compensation data to the centre 

• 1M If the currently effective, reference values of 
device 120. ir u " 

,^ fhP reference values stored 
the device 114 are the same as the refere 

v 122 a negative decision (NO) is obtained in 
in the memory 122, a nega 

step s,0. ana the control now goes directly to step S3! f 
the currently effective reference values have been chafed 
an native decision U obtained in step S40 and 

to turn on the WORKPIECE WAIT flag, 
step S41 is implemented to turn on 

CH , to clear the calculation 
Step S41 is followed by step S42 to clear 

orv Then the control flow goes to step S31. 
data memory. Then, tn« 

If any me asured value X has not been sent from the 

lift to the control device 120, an 
measuring device 116 to tne 

, . ■„„ fYES) is obtained in step S28, and step 
affirmative decision (YES) is oo 

. „ to read in the measured values X and 
S43 is implemented to read m 

. in the RAM of the control device 120. The 
qtore them in tne xjul 

, « are also stored in the auxiliary memory 
measured values X are also 

122 . eventually, th a diameter values X of the 

apiece are stored. Subtly. «- ««* «~ ~? 

step S44 of Fig. 31». fl raines 

in step S44, the control device 

X-SHIFT command to select the second 
whether the X 

intermittent compensation mode of Fig. 50 h 

tor This determination can be made depending 
by the operator. Tnis 

upon the parameters entered by the operator. 
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If the X-SHIFT command is not present, a negative 
Vision (NO) is obtained in step S44, and step S45 is 
im „ted to determine whether the WORKPIECE WAIT flag is 

set at "ON" . 

lf the WORKPIECE WAIT flag is "ON", this means 
that the first worRpiece influence, by the currently 
effective manual or automatic compensating values is waiting 
£or the measurement of the values X by the measuring device 
US « this flag is "OFF", this means that the first 
apiece indicated above has been measured by the measuring 
d evice 116. This flag is provided in the RAM of the control 

is initially turned on with power applied. According to a 
■ sul tahle routine ,not shown,, the flag is turned "OFF" each 
time the first worKpiece influenced by the currently 
effective compensating value has been measured. The flag » 
turned "ON" each time the manual compensation or the 

, ■ of the automatic compensating values 

intermittent adjustment of tne a 

.,„,„, th e present compensating routine. If 
U is made according to tne pro 

the WORKPIECE WAIT flag is "OFF" , a negative decision «HO. 
is obtained in step S45, whereby the control flow goes 

step S46. 

I„ step S46, the control device 120 reads out the 
stored measured values X from the calculation data memory. 
Step S 46 is followed by step S<7 in Fig. » to determine 
whether the calculation of the moving average P is poss le 
or „ot. namely, whether the nu^er of the measured values 
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i 1281 is equal to "K" or larger. Please 
(for each end Dournal 128) is equ 

r efer to Pi,- «• « «- -« * «" * eaSUied ValUeS * " 
laller than a native decision is 

« «7. ana step S48 is «L— *- -ermine -*« 
the SPECIAL AVERAGING co»and for the moving average 

not If the command is not present, the control 
Tvresent or not. it tne ww - 

to step S2S. in this case, the automatic 
returns to step 

compensating value U is determined to be -0". 

If an affirmative decision (YES, is obtained in 
step S4S with the SPECIAL AVERAGE command being present 

* -to determine whether the SUB-AVERAGING 
step S49 is performed to determin _ 

• „ ,v S raae P is present or not. If not, 
— tM the . T ^ o-ined in step S4, and the 
. negative —* «^ ^ ^ SPECIRi AVERAGING 
control flow goes to step &du 

«. o^her the SUB-AVERAGING command for the 
command is present, either the 

• „*i C ulation of the moving average P or the 
sub-averaging calculation o M , t ion 
WT ™ AVERAGING command for the substitution 
SUBSTITUTION AVERAGING ey%n ,,\ A be 

n * the moving average P should be 
averaging calculation of the mov 

if the SUB- AVERAGING command is not 
present, before, * t ^ AVERAGING cc^and 

■ present, this means that the sub 

is present. determines 
in step S50, the control device 
hether the substitution averaging is possible or not 

hther the number of the measured values X stored 
namely, whether the ^ ^ 

in the calculation data memory rs _ 
, K . « where K represents the number of the 
Terence <K . moving averag e P 

measured values X used to calcula 
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according to the standard or normal averaging 
z presents t h e maximum the measured values X 

th at can be used as t h e moving average P to obtain the irst 
derivative T. as indicated in Pi,. «.. If the ^ of he 
stor ed measured vaiues X is smaller than (« - » . the 

the measured value x as the 
substitution averaging to use the m 

moving average P is not possible, or U in*— If n 
the substitution averaging is possibXe or permi-d. Xn 
former case, the controX fXow returns to step « 
.fixative decision ,«» U -entuaXXy obtained n step 

„<- routine is repeatedly executed (as the 
S50 as the present routine 

Ler of the stored measured vaiues X increases,, where. 
st ep SH is rented to determine the Xast measured va 
. x as the moving averse P. Step SSI is followed .V step 

. t he vaiue X as the moving average P in the 
to store the value a „ 

rt j fhe auxiliary memory 122. Then, 
caicuiation data memory and the auxin 

the controi goes to step S57 

If the SUB-AVERAGING command is present, 

* -«io» (YES) is obtained in step S49, step S53 
affirmative decision (YES) accor ding 
is cemented to calcuXate the moving avera 
t0 the sub-averaging method. Step SS3 is follow* by step 
s54 to store the caXcuXated moving average » 

^ i-h* auxiliary memory 122. btep 
calculation, data memory and the auxin 

S54 is also followed by step S57. 

When the number of the measured vaXues X stored in 
the caxcuxation data memory has reached the prede^ 
value as the present routine is repeated, an affirmative 
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• a in step S47, and step S55 is 
• rvES) is obtained in step 

cecision ^ moving average P for each of 

rented to ^ „ ^ standard roe thod. 

the two end .ournals 12. acco ^ p in 

The operation to calculate t 

„• aiB will be described m detail, by 
step S55 of Fig. 31B will 

^ fh B flow chart of Fig- 52 • 

D ournal 128 weigh ting coefficients 

the calculation data memory and th 

A- n n to the above equation (2)- 

. oal cuUte differences between the ^ 
.used £=r calculating the mov.ng average 
1 P and calculate a sum o£ these 

calculated moving average P, an 

, „.« for determining the sum as the vid 
Terences, d SJ0J , th e vibration 

oJ tb. measured values X. 

lev el is stored in the >«. - relation ^ 
lighting coefficients b and moving aver , - * 
v. S204 to determine whether the Q 

followed by step 8204 ^ ^ ^ Mt . 

v „ level is higher than ^ ^ ^ 

» ~ - %- - — — . 

and step S205 is imp , ffeC tive moving average 

O02) as an errecrcivc 
P (calculated in step S202) weig hting 

, St e P 3205 is -owed W « - - - mcients t Me 

p tvm so that tne&c 
coefficients b m the RAM, 



% 



- 162 - 



us ed for the calculation o £ the next — • ~~ 

* „•„ « is ended with step S206. 
routine of Fig. 52 is enae 

• If th e vision level determined rn step S203 x. 

* the threshold value A, ah affirmative decis.cn 
higher than the thresh ^ f ^ ^ ^ 

is obtained in step ^ ^ 

weighting coefficients b accord! « ^ 
step S2 0S is rented to detune ^ ^ 

- - ^ ° Wn te?7 1- in 1 graph of «... 

rrr — - - - d 

in steps S202 and «... the moving average , and 
th e vibration level are calculated using the ^ 

• * in step S207 according to the 
coefficients b a~«- - J^ are 

changed increase rate or gr 

^.^^^^^ 

obtained in step .0,, namel, «U * ^ ^ 

l0 „ered to the threshold value X. 41 

~,^ e of the weighting coefficients d. 

^ 1 i TT^^- — is — - - 

as long ^ „ e repe ated until the increase 

T of' h weighting coefficients b has been changed 
h t the range between the highest and lowest values, 
throughout the range d obtained in 

th at is, until an affirmative decrs.on (») 

StSP S2 ° 8 ' ff irmative decision (YES) is obtained in 

Tf the affirmative 

f S209 is implemented to search for the lowest 
step S208, step S209 is imp 
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e of the vibration levels stored in the KAM in step S203 
one of the vir>r ^ s20 2-S208). The 

Muring repeated implementation of steps 
(during repea vibration level 

ro oving average P corresponding to the lowest 
U .etermined as the effective moving averag P. 

s206 the weighting coefficients b 
following step S206, tn 

effective moving average P Uowes 

avera,e ««. . - « s5 ; 2 

9 " fc in the calculation data 

memory of the control device 120 and 
. 12 2. step S 56 is followed by step S57. ^ 

Step S57 is provided to determine whether 

™ !.n.rasTMENT command is present for 
th. MOVING AVERAGE ADJUSTMENT 

• calculated moving average P. M tn 

adjusting the caicuj.ni.* 

, the control flow goes to step S59 of Fig 
ls not present, the imple mented to 

i7» If the command is present, step 

32A. If tne wo end lournals 

ad) ust the moving average P for 

128 of the worfcpiece as described above with respect 

. 36 The thus adjusted moving average P is 

third step of Fig. 36. The 

stored in the calculation data memory, and the 

to step S59 of Fig. 32A. value 
Step S59 is Provided to calculate 

„ • elal to the moVin, average P minus the nominal 

R which is egual to fey step 

diameter Ao of the journal 128. St P 
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S60 in which the calculated error value E is stored in the 
calculation data memory and in the auxiliary memory 122. 

Step S60 is followed by step S61 to determine 
whether the calculation of the first derivative T is 
possible or not. namely.- whether the number of the moving 
average values P stored in the calculation data memory ,s 
egual to or larger. If the number of the stored moving 

4-u*r* »t» a neaative decision 
average values P is smaller than L , a nega 

• <;fil and the control flow goes to 

(NO) is obtained in step S61, ana tne 

v f ho r t-he SPECIAL DIFFERENTIATION 
step S62 to determine whether the specie 

con.and is present or not. If this conmand is absent, the 
control flow returns to step S28, and one cycle of the 
present routine is terminated. If the co-and is present, 
steP S63 is implemented to determine whether the calculation 
of the first derivative T according to the special 

is possible or not, namely, whether 
differentiation method is possicx 

two or more moving average values are stored in the 
calculation data memory or not. If a negative decision (NO, 
is obtained in step S63. the control flow returns to step 
S28 a an affirmative decision (YES. is obtained in step 
■ S63 step S64 is implemented to calculate the first 
derivative T according to the special differentiation 
method. Step «« is fol*- by step S65 to store t e 
calculated first derivative T in the calculation data memory 
of the control device 120 and in the auxiliary memory 122. 
Then, the control flow goes to step S68 of Fig. 32B. 



x the stored moving average 
When the number of the 

.«i to "L" as a result of repeated 
values P has increased to l 

«. routine an affirmative decision 
execution of the present routine, 

• „ in step S61, and step S66 is implemented 
(YES) is obtained m step Sbi, 

. ■ first derivative T according to the 
to calculate the first aer 

„ .4na the predetermined number L of the 

— meth04 ' 5 p Ln step S67 is implemented *- 

— — ,e values • ^ ; ^ ^ oalouUtion 
the calculated tirst 

,1?? Step S67 is followed 
auxiliary memory 122. step 
data memory and auxin*** 

^ SSS is P-ided to determine whether ~ 

S e=o„d native 0 to ca.cuute the compensate - « 

present or not. If this — - — *' " 

, j j _ steo s68, and step S69 is 

decision (YES) is obtained in step 

„ «,.r the calculation of the second 

effected to determine whether the cai 

■ «ible or not, namely, whether the number 
privative 0 is possible or n 

ol the first derivative values ^ 

da ta memory is e^ual to •* «.!««• " ^ ,.<,. a 

allies T is smaller than Q , 
stored first derivative values 

■ ■ n (no) is obtained in step S69, and the 
negative decision (NO) is 

cttet> S28, whereby one cycie ui 
control flow returns to step ^ ^ ^ 

present routine is termina • ^ ^ 

fi rst derivative val s has ^ ^ ^ 

as a result of repeaucu 
value Q as. a obtained in step 

„ affirmative decision ( YEo i* 
routine, an affirmativ calcu iate the 

flow goes to step s/u w 
S69, and the control flow go 
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second derivative D, and S71 to store the calculated second 
derivative D in the calculation data memory and auxiliary 
memory 122. The control then goes to step S75. 

If the SECOND DERIVATIVE USE command is not 
present, a negative decision (HO, is obtained in step S68. 

- 4-0 cfen S72 to determine whether 
and the control flow goes to step 

- DEAD TIME COMPENSATION command which 

there is present the DEAD ixi» 

reguires the compensating value 0 to be determined depending 
upo „ the dead time value MS which corresponds to the number 
y of the pre-measured worRpieces existing between the 
m achine 110 and the post-process measuring device. 116. If 
this command is absent, a negative decision (NO, is obtained 
in step S72, and the contro! goes directly to step S75. If 
the command is present, step S73 is demented to read in 
the dead time value MS from the worKpiece counter 118. Then, 
ste p S74 is implemented to store the dead time value MS in 
the calculation data memory and auxiliary memory 122. 

«-« calculate the provisional 
inference . operation to calcuiat 

t. in step S75 of Fig- 32B will be 
compensating value U m step 

described in detail. 

initially, step S301 is implemented to read in an 
OT/ra flag from the HAM of the control device 120. When this 
NB/PB flag is set at "0^, it indicates that the vibration 
le vel of the measured values X is sufficiently low. when 

■ ... ,t "on" it indicates that the vibration 
NB/PB flag is set at ON , 

,,. if ^e NB/PB flag is reset 
level is higher than an upper limit. The m, 
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, • » nn is turned on, and 

t0 ,. 0F ,. — the —1 — « - ^ by 

cft c ari d S90 which will 
updated in steps S8S and ^ ^ ^ 

+ n the flow chart ot ciy. 
reference to the is 

<?302 to determine whether tne 
followed by step S302 to a 

* T£ the flag is currently set at OFF , 
set at "ON" or not. If the « ^ ^ 

, Mn \ i S obtained in ste *> 

the ^ * s« P « * 

If the NB/PB flag is set at 

• * in step S302, and step S304 is 
. • (wci is obtained m step 
deepen (VBS, x. oompensatlng valU e 0 

routed to emulate the P ^ ^ ^ 

by fuzzy inference ».« 

seated in TABLE 10 W way of example. «*». 

in step S75 is terminated. ^ 
In the resent ^^1^ ™ 

£or th e fuzzy are chan*. y ^ ^ 

rul es to tne native uz V ^ . . 

negative fuzzy rules to 

it is possible to cons -.itive and negative 

• • ^ timing at which the posaxi 
in determining the timing ^ con trol 

fuzzy ru!es are interna » J ^ negative 

is adapte \: : r £ i - - 

fuzzy rules even when the NB/PB 
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nl „ the us. of the negative fu»Y rules 

"OFF" to T. - - * ' = , uhich the nag u 

on i y . £t e r the^e r o V= ^ ^ 

«. a «. "ON" has reached a pi- 

!\ effective to avoid unstable determination of 
arrangement is to ireqvient 

the provision- — « ^ £ _ rules 

interchange between the positive 

, hunting of the measured values X. 
and consequent hunting store ^ 

step S75 is foUowed by <"ep ^ ^ ^ 

calculated provisionai compensating va 

m „ , nd auxiliary memory 1"- 
calculation data memory and 

— .e 

pro visional compensate ^ ^ jf ^ 

£1 nal compensating valu ^ ^ 

command is not presen , ^ ^ the 

in step S77. and step S78 
provisional compensating value 

.».n S79 is i!Wl«» ented t0 " 
va i u e — • — ^ auxUlary me mory U2. « * 
compensating value u affirmative 

rnMPENS ATI ON command is present, 
GRADUAL COMPENSATION ^ ^ ^ 1S 

/vsct is obtained in step 
decision (YES) is calcu lation of the 

cemented to determine „ ^ naine ly. 

' COTPeM r: I I ^visional compensating values „ 

whether the number o * * ^ ^ ^ „ m „ or 

stored in the calculation ^ ^ ^ 

larger. If a negative decision («» 
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present routine is terminate*, when the nu^er ox the stored 

values U has reached the 
provisional, compensating values 

, , «m" as a result of repeated execution of 
predetermined value "M" as a resux 

« affirmative decision (YES) is 
the present routine, an affirmative 

, . ^r, <;80 whereby step S81 is implemented to 
obtained in step S80, wnereuy 

. va iue U* on the basis or 
calculate the final compensating value 

Vor u 0 f the stored provisional 
the predetermined number M or 

compensating value U. Step SSI. .is followed by step S82 to 
store the calculated final compensating value U« m 
calculation data memory and auxiliary memory 122. 

Steps S79 and S82 are followed by step S83 of r». 

wh«r there is present the MJHLIMK 
34A to determine whether tnere 

MMMSri command which requires the aux.l.ary 
compensation in addition to the primary compensation as 

r. ^mniA if this command is 
, . ar bv way of example, it uua 

illustrated in Fig- 48 »y way 

absent, a negative decision ,« is obtained » step «, 
and the control flow goes to step »« to determine * th 

f . fl value u* stored in step S79 or S82 
the final compensating value u 

sh ould be transmitted to the automatic si*in, device 11* 
„ot, namely, whether the final compensating value « 
outside the tolerable range or not. « the* value U fal 
Mlthin the tolerable range, a negative deepen <»0 
obtained in step S84. and step S8S is implemented « t 
, ln the auxiliary memory 1» -ta representee of the fu ^ 

• S75 of Fig. 32B to calculate 

rule which was applied in step S75 of Fig 

i tt Then the control 
the provisional compensating value 0. Then, 
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returns to step S28. and one cycle of the present routine is 

terminated. 

If the final compensating value U« is outside the 
tolerance range, an affirmative decision (YES, is obtained 
in step S84, and step S86 is implemented to determine 
whether the automatic sUin, device 114 has the function of 
transmits the manual compensation data to the control 
d evice 120 or not. If the device 114 has the function, an 
affirmative decision (YES, is obtained in step S86. and the 

^teo S87 to determine whether any 
control flow goes to step SB/ 

^nuai compensate value or values to adjust the reference 
val ue or values (for one or both of the two end Journals 
12.) has/have been entered through the Keyboard 150 or not 

«4-ina value has been manually entered 
If no manual compensating value 

. a neaative decision (NO) is 
into the sizing device 114, a negative 

QR7 and step S88 is implemented to 
obtained in step S87, ana step 

transmit the final compensate value U« to the s> 2 ing 

d evice 114. The value «• remains stored in the auxiliary 

Then the control flow goes to step S89 to 
memory 122. Tnen, tire 

aeterndne whether the MXIum CCMP^TXOH command is 
pr ese„t or not. Since the negative decision (HO, is obtained 
in step S83. the negative decision is also obtained 
step S89. whereby step S90 of Fig. 34C is implemented 
store the applied fuzzy rule in the auxiliary memory 1 22, as 
in step S85. 
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Referring to the flow chart of Fig. 54. the 

*„™»,i In steps S85 of Fig. 34A a nQ s9 ° 
operation to be performed in steps » 

of Fig. 34C will be described in detail. 

initially, step S401 is executed to read in the 
current count of the NB/PB counter which is adapted to count 
the number of application of the NB/PB fuzzy rules. Step 
s401 is followed by step S402 to determine whether the fuzzy 
r ule applied in step S75 of Fig. 32B is any one of NB/PB 
£u zzy rules which are defined above with respect to the 

, pi„ 36 If the fuzzy rule applied in step S75 
fifth step of Fig. 36. ir tue 

.n. * neoative decision (NO) is 
is not any NB/PB fuzzy rule, a negative 

supping step S403. !f the fuzzy rule applied in step 8 5 x. 
a „y one of the NB/PB fuzzy rules, an affirmative decisio 

... s tep S403 is implemented 
(YES) is obtained in step S402, an_ step 

to increment the NB/PB counter, step S403 is followed by 
step S404. This step S404 is provided to read in the count 

- . . + n count the number of cycles 
of the CYCLE counter adapted to count rn 

.. ca q+-*»o S404 is followed by 

of the present routine of Fig. 54. Step 

step S405 to increment the CVOS counter. Then, the control 
now goes to step S406 to determine whether the current 

« ,n^r is larger than a predetermined 
count of the CYCLE counter is large 

threshold value or not. If not. a negative decision «« 
„ obtained in step S406. and the control flow goes to . P 
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ii.d fuzzy rule in the auxiliary memory 
S408 to store the applied fuzzy ru 

122 •■ «. nf the CYCLE counter has increased 

When the count of the cycu 

• threshold value "B" as a result of 
the predetermined thresnoxu. 

♦ of the routine of rig. 54. an affirmative 
repeated execution of the ^ 
• fvFS^ is obtained in step 

I «. to determine whether the current count of 
9oes to step .«» * a predet ermined threshold 

the HB/PB counter „ U.. ^ ^ ^ ^ . 

value »C or not. « * ^ ^ ^ ana step 

s41 „ u impiemen - » -* che fUg 

the flag from "OH to ^ ^ 

- ~ r:c it-" - - - - - 

. CYCLE counters to u ., ce eds "C" , an 

. s408 If the count of the HB/PB counter exceeds 

_ . d . n step s409 , and 

affirmative decision («> flM to ..OH" 

en? is implemented to set 
step S412 P or the flag a t 

.«,.). step S412 is follow by ^e P 

subsequent steps. „, lues have been 

If a »Y manual compensating values 

• • „ device 114, an affirmative deepen 
entered into the «« ^ ^ control 

""^r- 

fl ow goes to step corIe sponding reference 

— -ensatin, values - _ _ 
values from the sizing device 

„ .hen. steps S92 and 3,3 are « 
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. ..«,- and clear the calculation data 
WORKPIECE WAIT M to OH . and 

memory. The control then returns to *™ ^ R o£ 

. ■ Novice 114 has not tne tun 
if the sizing device 

data to the control 
fitting - — — HT, ^obtained in step 
device 120, a negative ^ e ^^°^ implemented to read in. the 
S86, and step S94 of M- 3« P 

— ' e£f6CtiVe r r vis in the - - 

r; Hrrrin the au.iliarv — «. ~ 
t he control dev 10 e V ^ ^ ^ the last 

s94 ls followed W « „ deteOTlne 

re£erenc ; h :xr ^ ^- - « — 

the sizin, dev.ce 1U wh ^ ^ ^ 

f r:; 6 th e step SSS desert above is 

"Td « Taf 1- decision * — - 

step S96. the control 9 ^ ^ ^ ^ tM 

„ ECE WAIT fUg. an ^ _ „ step 

calculation data memory. Then, 

• • „ (YES) is obtained in step 
an affile d^on - ^ ^ ^ u- 

Fi g. -d step ^ ^ the 

— 7TT — ° ounter to oount 

current count of a AUX to 

^ a „viiiarv compensation cycxe 
t he number of the auxrUary ^ 

,. r or larger. If the count of t hl s 



# # 
- 174 - 



„ 0 „ . negative decision is obtained - ~ 

«, step S84 and the following steps, which 

include step S88 to p 

and s t e p S89 determine whether the 
described above, and step 

AUXILIARY COMPENSATION command is present. Since th 
MILIARY AUXILIARY COMPENSATION counter is 

command is present, the 

r>+»A in step S100 following step S89. 
1110 " riunt of the AUXILIARY COMPENSATION counter 

is Bl . or more, an affirmative decision (YES) is obtained^ 
tep^T, the control flow goes to step .101 and the 

„f Fig 34C to effect the auxiliary 
following steps of Fig. nt 
xn step S101, a difference between the present 
compensation. In step 4 ^ ^ 

a , last final compensating values U 

and last transmi tted to the sizing 

. automatic compensating 

„ • 114 That is, the present and last tma 

device 114. That i , provisional 

^ the present and last p^ 
values U« correspond to the p the 

described above with respect t 
compensating values Up descn inteCTi ttent 

=„*iliarY compensation m 

mode Further, the automatic compensating value 
compensation mode. Furth , corre5po nds to 

to he transmitted to «. ~~ _ „ 

^ T.ZTZZZ* value .P. Step 3101 is 
connection with tne p ,1-1™, device 

, k ,» M S102 to determine whether the sizing 
followed by step S102 COTP ensation 
U4 has the function of transmitting ^ ^ 

data t0 the control device U. or no. U ^ 

affirmative decision (YESJ is 
the function, an affirmati ^ 

s tepS102, ste P S103 is implemented to 
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manu al compensating, values have been entered in the sizing 
de vice 114 or not. If a negative decision (NO, is obtained 
in step .103. step S104 is to transmit the 

„tic compensating value Uf obtained in step S101 to t h e 
sizing device U4. Step S104 is followed by step .105 t 
store in the auxiliary memory 122 the compensating value 

effected to increment the AUXILIARY COMPENSATION counter. . 
Step S106 is followed by step S90 described above. If any 

,<„„ values have been entered, an affirmative 
manual compensating values nav 

„ • <;103 the control flow 

decision (YES) is obtained in step S103, the 

compensating values from the sizing device 114, and to s tep 
sl08 to turn "ON" the WORKPIECE WAIT flag. Then, step .10. 
is effected to clear the calculation data memory. The 

control then returns to step S28. 

„ the sizing device *» does not have the 
function of transmitting the manual compensating data to the 
control device 120 . a negative decision is obtained in s. 
sl0 2 step S94 and the following steps of Fig. 34B 
executed to transmit the automatic compensating values « to 
the sizing device 114 if the negative daemon NO, - 
obtained in step S9, In this case, the affirmative £ ^ 

• - ' i„ stao S89, and the AUXILIARY 
(YESI is obtained in step 

COMPENSATION counter is incremented in step S100. 

step s90 is followed by step .110 of Fig. 35A 

■ . whether the AUXILIARY COMPENSATION command is 

determine wnetner 
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not if a negative decision W) is obtained in 

present or not. If a 9 to turn "ON" 

step S110. steps .111 and ,112 ^ 

the W0PKP1ECE WAIT flag. - Cl£ detenolne 

ls followed by step S113 

or riot . If this 

>..*>,.* the X-SHIfT command is P* 
whether the step ^ 

command is absent, the control retu 

If the AUXILIARY COMPENSATION command is p 

■ •„„ (YES) is obtained in step S110. the 
an affile ~ of ng . 35B to determine 

control flow goes to fee 

— - -nrtr i - - - 

terminated or not. namely, ^ ^ 

determined ma^ -~ 3 0A, count 

auxiUar y memo« - returM tQ sw s28 . 

is smaller than , AUXI LIARV COMPENSATION 

counter has become equal amrBa tive decision 

• „€ the present routine, an aflirm 
execution of f low , oes to 

is obtained in step S1U, compen sating 

step US to calculate a sum of * ^ 

va lues « of repeated auxiliary c^n 1 ^ ^ 
£ollo w the primary compensate S P 

steP S1U to determine whether the ^ ^ 

cy cling should be continued or not - Y. ^ ^ 

4-o« S115 is substantially, o 
ohtained in step ^ (1)0) 1S 

sum is not substantially 0, 
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, * turn "ON" the WORKPIECE WAIT flag, and clear 
elemented « turn ON ^ ^ ^ 

the calculation data memory. Step 

SU9 to determine whether the X-SHXr* «— is P -nt 

I£ the sum obtained in step S115 

„ •,<„„ (YES) is obtained in step Sllt>, 
-0«, an affirmative decision (YES) 

and \he control flow 9 oes to step SI, to de™ -.ther 

the »«. — — 1S "Tbu Te -X^, 

is not present, but tne 
^-Tj.nTP RANGE command is nuu ^ 

TOLERABLE KAT^c neaative decision 

— ~» —J TlVTu implemented 
(HO) is obtained in step 8120. and ^ 

to set the _*»- ° t ;^e the 

.ontroi returns to step S 2 S. m this case « . 

>; • • (yes) is obtained in step S99 01 

5 affirmative decision (YES) 

• the next execution cycle, of the present routine, 
34A m the next ^ steps 

the control flow goes to step 

of Fig. 34C. present, an 

If the TOLERABLE RANGE command is P 

>o • • n (YES) is obtained in step S120 of Fig. 

20 affirmative decision (YES) ^ 

„ S122 is implemented to set 

35B , and step sm contrQi returM to 

COM**** counter to ^ u 

obtained in step S99 m &nd 
« present routine, and the control flo« goes 
the following steps of Fig. 34A. 
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I£ step S45 of ^ » i- ^ * 

• set at -or. *e affirmative decision 
W M T £ U, ^ whereby ^ control floM 

<-* 1S to!l - calculation data memory. - 

go es to step SX23 to fl ^ K 

~ to step r« . - - - - 

stor ed In - -^e. —ore the values X - «- 
,„ are erased, for a£ter the 

oth er values measured or =al ^ ^ 

* i-he reference values,. »i 
adjustment of until the 

«OBKPIECE WMT M automatic 

flrs t worfcpiece influenced by ^ 

„„lues has been measured by 
compensating values d x _ 

,16 in other words, the m 
device U6- p ^ other emulated 

Elated movin, aver. ^ ^ ^ ^ u 

"OFF". • 4.^« refers to the 

W.Ue the above description ret 

. o£ the present embodiment when the the 
operation of the P ^ operation when 

command is absent, there wii 

the X-SHIFT ccmnand is present. ^ 

X. the presence of the SB compe „sati M 
, n the second intermittent 
th e control device in ^ step sU 

mod e. an affirmative decision 0* ^ ^ ^ 

" th ; t i; ^ I Provided to determine 
the following steps. Step 
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* estimated values X should be 

-~ - <— « - - ; er the me „ t o( t he 

inhiwted - T~ — — • — 

first workpiece inf luencea the 

• values is completed by tne 
or automatic competing - oaicuiation rf tt> 

— -=e U seoond intemlttent 

estl mated valu~ X » ^ chis ^ of 
compensating mode is no 

ln termittent compensation would increase the 

measured values X. ^ of 
The determination as to w 

• ,nfluenced by the currently effective 

the first worKpiece influen V ^ ^ 

— « — °Z Z I pre-measured ^pieces 

" " T ne" * ma ° hine U0 

. .crankshafts 126) ^ 
Md tte measuring device US a ^ 

* v>,o sizing device 114 are <*uj 
values of the sr^ng ^ 

currently effective manual ^ 

v of the workpieces which is 
B» number ^ oounter 

wortpiece counter 118 is ^ ^ 

in the ». of the control device 120. The 

„ is decremented when the measuri = • 

counter is zeroed. been 
lf the first influenced wortpieoe has 

• a negative decision 

measured by the measuring device H6. 
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, o25 is executed to 

S124, and step Sl^ i 
(N0) is obtained in at ^ automatic 

determine the currently e ^ ^ obtain 

lifting valuer 

compensating values as ^ ^ step sl26 

th e estimated values X. Step ^ deterinined 

-— -m^^- — - - 

shifting values to values x ar e 

n nft^ The calculated 
two end journals 128)- oontrol dev ice 

stored in «- nation data ^ ^ £iow 

120 and in «- -« ^ data 

- M SW d^rlLll values X. so - the 

memory the - ^ £ron th ese values X In step 

moving average ^ ^ 

S47 and the following steps subsequent iy detected 

When the X-SBlFt co»and u 
.„ step S113 of Fig. 35A, step 
t0 be present in ^ ^ ^ workplece counter 

Allowed by step S128 to «a ^ m ^ number y of 

U 3 the dead time valu ^ ^ ^ , ^ ^ in the 

the pre-measured wor*pi~eK ^ ^ ^ ^ 120< so 

. that the number ^ ^ u als0 stot ed in 

the auxiliary memory 122. 

S28 - an affirmative decision is 

Similarly. ^ control fXo „ goes 

25 obtained in step sll, of «• • ^ ^ ^ s , . 

d-jq to read in tne 
to step S129 
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ber v is set in the decrement counter o£ the RAM and 

The number Y is sec 

ei-nred in the memory 122. 

Thus, the number * of the Pleasured worKpieces 
is S et when the intermittent compensation for automatic 
aj ustment is terminated, further, the number , is also set 
when the manual compensation is terminated thou, £ 
manner to set the numher V is not illustrated in the 
c Is. .or the initial execution - the present routine, 
^ermined vaXue is stored in the ,0* - the ~- 
Lee, as an initial number o £ the pre-measured worses 

to be used in step S124. 

When the measurement - «»' 
influenced by the manual or automatic compensate values is 
influenced present routine, 

completed durin, repeated execution of the presen 
an affirmative decision is obtained » step 4 

. ,„ ^ the shifting values used in step S126 

L»» Xn this case, therefore, the actually 

4 etermined to be ■ ^ ^ 

measured values X are store ^ 
Thus, the estimated values X are 

• ^i.t.iv after the adjustment of 

cal0 ulation data memory i^-» . ^ ^ 

fho references values of the sizing 

the reference manlial Q r automatic 

influenced by the manual or 
first workpiece mfluencea i 

n , has been measured, regardless of the 
compensating values has been 

fc - «f the WORKPIECE WAIT flag. This 
-ON" or "OFF" state of the w 

* ■. effective to reduce the interval between the 
arrangement is effective ^ 

moments of determinations of two 
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• j i-he second intermittent 

compensating values obtained in the 

compensating mode (as illustrated in Fig. 50). 

While the third embodiment o£ the present 
invention has been described above by reference to Figs. 3-5 
and 28 . 54 , it is to be understood that the above embodiment 

may be modified as needed. 

in the above third embodiment, the vibration level 

values X is determined on the basis of the 
of the measured values a 

relationship between the actually measured values and the 

calculated moving average values P, and on the basis of the 

£u zzy rules applied in the fuzzy inference to determine the 

compensate values 0. These two technics both relate to 

th e determination or estimation of the vibration level xn 

t he process of determining the compensating values 0 

■ However, other technics may be employed to determine the 

vibration level of the measured values X in the process of 

determining the compensating values U. 

F or example, the vibration level may be determined 

,. utilizing the moving average P, which 

by suitable techniques utilizing 

^- u -lips on an average of a 
include: a technique which relies on 

plur ality of moving average values „ a technique which 
reli es on a power spectral density at a predetermined 
frequency of the noisy component waves of the moving average 
E . and a pattern recognition technique which utilizes a 
neural network or correlation function. These techniques may 
be modified to be applied to the compensating values a. 



* 
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, i of the measured values X may 
The vibration level of the m 

• ned based on the measured values X per se. In 
alS o be determined based some 
dis ease, ,he above technics may be emp 

m odifications as needed. yibration le vel may be 

The determination of the via 

la tionshiP between the compensating values 
based on the relationship x 

. . nfl device 114 and the measure* 
sent to the sizing devic 

• the compensating vaiues 

the measured values x ^ 
TO determine the compensating 

f a third e^ent uses not only different sets 
Ulustrated third emb ^ q£ inciease of 

weighting coefficients b (or 

• • ,< bl for obtaining the moving average 
coefficients b, t« ^ negative fu22y 

different groups of ft«r ^ ^ ^ o£ the 

rules) for effecting the fu*«y 

lu e R and derivative T. However, only 
error value R ana a _ determine 

„. other techniques may be used to 
two technics or other ^ ^ ^ 

the compensating coefficien • ^ ^ 

w m ^fied to use: diiierem- 

embodiment may be moditi to 

*n of the measured values 

— * K (F19 * average P according to the standard 

calculate the moving average ^ ^ 

me thod ? different regression lines use* ^ 

~ fPia 42), e.g., first 
moving average (Pig ^ ^ ^ L (Fi3 . 

.egression lines, differe ^ ^ ^ ^ 

,„ of the moving average ^ differentiation 

derivative T according to 
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n f ^-he fuzzy labels used for at 
method; different numbers of the tuzzy 

le ast one parameter or . dif erent 

valu ss of the fuzzy X-els, different groups of the 

•For at least one parameter (See Figs, 
membership functions for at leas 

. , „ "aravity center" method and 
3-5). different methods (e.g., gravity 

■•surface area" method, W which the «« — ™ 
gained .V the ft™, -Us are convert into the 
compensating vaXues „ different — «« "» ^ 
(Flg . «, o f the ProvisionaX ^ vaXues U to obt 
the finaX compensating -ue „., ana different vaXues fo 

•«h h (Fig «6) of the toXerabXe range for the 
the width N (rig* 

compensating value U. , a ^ ftn 

In illustrated third embodiment, the calculation 

- cleared even when the set of weighting 
data memory is not cleared even 

«-f fuzzv rules is changed, ana 
• coefficients b or the group of fuzzy 

, 11M n are determined based on the data 
the compensating values U are ae 

^ ^ the data memory before the 
which have been stored in the 

.efficients b or fuzzy ruXes are changed. «. «— « 
ls Active to avoid freguent -occurrences of shortage - 
th e stored data and consequent deteriorate of the 

„ OT of the processed workpieces, which 
dimensionai accuracy of the p 

»^ed if the oaiculation data memory were 
wouXd be expected it ™» e 

• „f the weighting coefficients b or 
cieared upon changing of the weig 

, it is aiso recognized that the use of the data 

» coeffici ents b or fuzzy 

stored prior to the changing of the 

rales wouXd not significantxy deviate the obtained 
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ho adaot ed to clear the calculation 
third embodiment may be adapted 

v, Hn« the weighting coefficients b or fuzzy 
data memory each time the weign 

rules are changed. 

m the third embodiment, the SPECM 

c— ^ P^t (step S4S o £ 3», . the 

P «e obtained one after another 
moving average values P are 

„ a lues X are substituted for the moving average P) 
measured values X ^ ^ 

eV en before the number of the measurea 

th e calculation data _ is smaller ^ te 

determined value nf ««-. « - ^ ^\ 

^. i„ i-he error values R are 
S51 and S53). Accordingly, the 

• „ »nd stored in the calculation data 
successively obtained and stored 

memory, as the measured values X are obtained so that a 
derivative T and a final compensating value »* are obta^ 
' whe n the number of the measured values X has become ^ *> 
' a certain predetermined value (which may be equa that the 
However, the third e^odiment may be adapted such that the 

m eS P are not obtained until the number of 
moving average values P are no 

v has become equal to rne 
the stored measured values X has 

• * untoer and such that the moving average 

predetermined number ' 

values P and the other values are obtained at one time to 

. u* when the number of the 

determine the compensating value U 

. i„ M X has become equal to the certain 
stored measured values X has d 

predetermined value. is 

„ ^.^e third embodiment is 
As described above, the 

.signed as a feedback compensating apparatus used for^he 
somatic si*ing device U4 which controls the grind 
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system in which the working portions of the workpiece in the 
for, of the cylindrical surfaces of the Plurality of 
journals 128 on the crankshaft 126 are around to a nominal 
outside diameter value. It will he understood that the third 
e^iment may be modified so as to he used with an 
automatic sizing device for other types of working systems, 
for example, the automatic sizing device 22 for a cylinder 

■uncfratod in Fig. 1 which has been 
bore honing system as illustrated in Fig 

^ fir«t and second embodiments, 

discussed with respect to the first and sec 

Of course, the feedback compensating apparatus 
according to the third embodiment may be adapted to a 
working system in which the workpiece has only one working 

portion to be processed. 

Although the third embodiment is adapted, such that, 
the final compensating value U- is not transmitted from the 
control device 120 to the automatic sizing device 114 if the 
val ue U« falls within the tolerable range . as indicated in 
Pig. 46, it is possible that the control device 120 
transmits the final compensating value 0- to the automatic 
sizing device 114, irrespective of whether the value «• is 
within the tolerable range, while the sizing device 114 

v -v,., the received value U* falls within the 
determines whether the receiver 

* m this case, the currently effective 
range N or not. In this case, 

. .Ousted by the device 114 when the 
reference value is not adjusted oy tu 

value »* is within the range M. 

in the third embodiment, the two in-process 
measuring heads 112 are provided for the two end journals 
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128. respectively. However, the present invention is 
applicable to a working system in which an in-process 
.easting head is provided for each of the working portions 

on the workpiece. 

While the present invention has been described in 
its presently preferred embodiments and some modifications 
thereof, it is to be understood that the present invention 

; n the light of the foregoing 
may be otherwise embodied, in tne ±iy« 

teachings . 



